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INTRODUCTORY CHAPTER. 

No brancli of knowledge is more interesting or asefol than 
that which teaches the physical constitution of the world in 
which we live, the appearances by which we are surrounded, 
and the laws which govern them. It cannot, however, be 
denied, that this subject has been greatly neglected, and that 
many educated men are as ignorant of the cause and influ- 
ence of natural phenomena as though they had no interest in 
the provisions estabUshed for the support of animated being. 
Thid i^orance may be in part traced to erroneous systems of 
education ; but it is also in some degree owing to a false esti- 
mate of the difficulties to be overcome in acquiring scientific 
knowledge, and an inadequate conception of its importance. 
It may not, therefore, be inconsistent with the character of 
this work, that we should present the reader with a few per- 
sonal and relative motives to an acquaintance with the ap- 
pearances of the material world, and the causes from which 
they flow ; or, in other words, with the physical sciences. 

Physical science, in its widest acceptation, embraces the 
investigation of matter m all its conditions and combinations. 
The entire materia] world comes under its cognizance. It 
not only considers the phenomena by which we are i 
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•f eiisteiice, bvt deteiminet the propertiM of matter under 
ell ito forms, end the mutual inflaence which different epeeiee 
of matter, having Tarioui subordinate propcarties, exert upon 
•each other. It embraces a knowledge of the laws of combi- 
nation and form, the pecuHarities of each element in itself, 
and in its unicm with others ; and attempts to reveal the se- 
cret processes by which the universe itself is regulated. 

Such a subject, however, would be far too extensive for 
the mightiest human intellect, and we are compelled to form 
certain artificial divisions, that, by the united efforts of manj 
individuals, we may advance to some knowled^ of the um- 
Terse itself. The consideration of material existence has in 
consequence been assigned to .three classes of philosophers, 
the natural historian, the chymist, and the experimental phi- 
losopher. To the first of these is appropriated the study of 
animals and vegetables, and the form and localities of mineral 
substances. The chymist investigates all those phenomena 
which alter the composition of homes, and endeavours to de- 
termine the nature of the elemenUry substances which enter 
into their formation. To the experimental philosopher is as- 
signed the investigation of the laws of matter, and the nature 
and eaose of all those phenomena in which it suffers change 
without altering any of the essential properties of its compo- 
sition. But, as these boundaries are artificial, thev are often 
broken down, for the gradation from one branch of knowledge 
to another is in nature so perfect, that it would be difficult to 
form such definitions as might prevent the student of one de- 
jwrtment from encroaching on the territories of others. 

But although we have thus divided physical science, and 
have appropriated only so small a part to the experimental 
philosopher, it is still necessaiy to arrange the objects of his 
pursuit, and hence we have tne sciences of hydrodynamics, 
electricity, and others. One great ad?antage has resulted 
from this subdivision. Men of investigation nave been able 
to give their exclusive attention to particular subjects, and 
have thus been encouraged to pursue their inquiries at a time 
when knowledge was obtained with much difficulty. We 
would not, however, insinuate, thftl those who devote them^ 
selves to one science, are belter fitted for discovery than 
those who have taken a wider view of naturd. But, in the 
infantine state of philosophical knowledge, it was necessaiy, 
much more than at present, that there should be thoM who 
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eoidd ghv Hkmt undivided «tteatioa to tiM •ccoaolition of 
lacU, leanng tboir combination and the deduction of fenoral 
hwa to others, who had either more of the inipiration of n^ 
tue, or had tiJLen a more eztenaiTe view of Doysical canaea. 
It ia not the eolloctor of flowers, or of minerala, who can givo 
the character of a coontiy, and theorixe on the problematie 
eanaea from which it originated, bat the man who haa traced 
tin connexions of its Pfita, and from an eminence sonreyed 
ita ontiine, and maifced ita featores. And he who in the gen* 
oral pursuit of knowledge haa coltiyated that spirit of gener- 
alisation which can alone enable him to perceive the relations 
«»f different phenomena, will be best able to determine the 
Character and influence of the immutable laws of natare. 

It may be here necessary to remark, that in the studv ol 
•atuie, all preccmceived opinions must be renounced ; ana dM 
mind moat ever be in a waiting attitude, ready to receiTO the 
vndence of phenomena, whether they contradict or support 
Ihf theories which hare been adopted. 

We can conceive it possible that an individual ahoold hav^ 
so Mitirely devoted htmaelf to other studies, as to be ienorant 
of every diseovery of modem chymistry. Such an meividual 
would coaaider water as an elementary aubstance, and, were 
we to speak of ita decomposition, a feeling of incredulity 
would certainly rise in his mind. But, let him proceed to tlie 
investigation, and with a few plates of copper and sine, thia 
apparently eleaMutaiy body wul be decomposed, and the two 
gases of which it is constituted may be collected in separate 
tubea. One of theae, be is informed, is oxygen, which is a 
oomponent part of air, and die supporter of combustion; the 
other, hydrogen. When combined in the gaseous state, they 
finm a noat explosive compound ; and, in proof of this fact, 
^ay are placed m the aame tube, and ignited. But this last 
nperiment resolves them again into the limiid state, and 
drops of water are obeerved around the tube. What most be 
the lesolt of auob experiments upon the mind of the man who 
ia thua ouddcnly driven from an opinion that he had received 
upon Ibe sanction of all the ancient philosophers ! This, 
howaivor, ia but a solitary instance of what bu continually 
oeeurred, and we are thua admonished to renounce the influ- 
ence of aU preconceived opiniona ui philosopbkal inquiries^ 
and to five every phenomenon ita true eatimate in the deter* 
niaitionofacaiise. 
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. But while tht itodeDt csrefoUy avoidi the interference of 
hie opinion* with the evidence deduced from phenomena, 
he must at the same time carefully guard his mind against 
those deceptions which may be practised on him by hia 
•enses. The senaes are not always to be trusted, for they fireo 
quantly deceiye us when we most depend on their evidence ; 
and this statement does not in any degree reflect upon the 
wisdom which was exerted in the formation of man, for his 
Creator has supplied him with that condition of mmd whidi 
is amply sufficient to compensate for the inaccuracy with 
iriluch those organs may convey an impression of external 
appearances. 

But it may be still asked, vi4iat advantages are to be d» 
rived from the study of the physical sciences I and are they 
proportional to the labour which must be expended, and tkw 
mental discipline that must be suffered 1 These questions 
will be best answered by the mention of those results which 
ou|;bt to follow the investigation. We do not profess to 
(euh the physical sciences, systematically, in this volume, 
but to explain the nature and cause of some of the most ni- 
markable terrestrial and celestial phenomena, hophig to ez^ 
cite in the mind of the student an anxiety for a more extent 
aive acquaintance with the sciences in general. It will nol^ 
therefore, be inappropriate to direct hia attentiott to a conr 
sideration of those advantages which he miiy derive andce» 
fer upon society, by the study of this impottalit brandi of 
knowMdge. 

The personal advantages to be derived from the cultivation 
of natursl philosophy, are chiefly mental. There are msm 
who esteem themselves philosophers, andactras if this sentir 
ment were highly enthusiastic and absurd. To vfhat sep- 
viceable result can this or that study be applied 1 is the qne» 
tion wfaieh they are incessantly askuig : by which iW Bieaa 
to mquire, how much money can be made of it They are 
governed by the " auri sacra fiunes," and it fiaor evdr forbids 
Sieir acquisition of the advantages in qusstioa. The best 
pleasures of life are but the flowers which beguilo a labooons 
]Oumey ; and whatever may be the character ci those we 
ohoose, they are usually obtained with diflicohy. Those 
who select diem from the patha of philosophy may leeeive 
^tlee of distinction, which, however, will not ha confooeed to 
encourage the pursuit, but to honour the titla. The Man who 
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clerotes himMlf to ihs adnuicemeiit of icience, matt seek his 
reoranentioB in the influence which it will exert on his own 
mind ; and slthough he may be nnrewaided by his contem- 
poraries, he will possess many resoorces suited to sustain his 
mdependent energy under circumstances that ordinaiily pro* 
duee an injurious effect on the character. 

Almost the first impression produced by the study of n»* 
tare, is a conyiction of the existence of a uniTersal GoYer« 
nor. And although we do not assert, or beliere, that the Di« 
Vine character is so evidently portrayed in material creation 
as in the inspired revelation, 3ret mainr principles of uniyenal 
government may be deduced from the existence and action 
of those laws which regulate external phenomena. In every 
feature of nature, the philosof^r may trace the evidence of 
mind, and his estimate of the wisdom displayed will be in pro* 
Mxrtion to the minuteness of his examination ; and should he 
be deeply impressed with the universal and minute superii^ 
tendence of a relating Being, he will feel but little difficulty 
in committing huaself to his government. 

It has been asserted by some writers, that a close investi-* 

Stion of nature tends to cultivate or produce atheism. The 
bit which is acquired of tracing effects to their origin, leads, 
it is imagined, to a satisfaction with secondary causes, and 
induces the philosopher to close his investigations when on Um 
teirge of the noblest results ; and investing physical operations 
tvith the attributes of Deity, to resolve alTphenomena into tbs 
tmeertain operations of chance, or to |pve the attribute of im- 
mortality to all things. We might fairly deny this assertion^ 
by adducing numerous instances in whjch the capability of 
most profound philosophical infestigations has been united 
with the most exalted veneration of the Deity ; and it may be 
qnestioned whether those who have denied the existence of « 
Superintending Powor, derived their opinions from the exani- 
ination of nature. But, judgine of the statement by the rea-* 
ton given to support it, we need not hesitate to deny both ^ 
one sjid the other, for what can be more absurd than to be« 
lieve, that a habit of tracing effects to their causes, prevents 
the mind from distinguishing between a primary and second- 
ary agent 1 

A mousand individuals may pass over a beantifully varied 
countiy, and feel no other emotion than that arising from the 
infloience of the scenery on the feelings. If thsj ^ould be 
B 
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infonned that it owes its present appearance to the liolent 
convulsions which have upheaved the crust of the earth, and 
that it offers a proof of wise and benevolent design, they will 
either express their wonder or incredulity. But the geolo- 
gist estimates the importance of the cause that led to this re- 
sult he sees. He knows that if the strata which compose the 
exterior or crust of our earth had remained in the horizontal 

Ksition in which they were formed, no bed or channel would 
▼e been provided for the superficial waters, except those 
uncertain excavations which its own feeble motion could pro- 
duce ; and that, under these circumstances, the earth would 
have been an unfit residence for man. And if these causes 
had been less violent than they were, the repositories of the 
metals and coals, which are now in some places exposed on 
the surface, would have been buriied beyond the most curious 
research of man. The geologist, therefore, can hardly fail to 
esteem this appearance, whicn excites no devotional feeling 
in the mind of the multitude, as one of a series of facts pro- 
ving sn intelligent design, and the choice of appropriate agents. 
This phenomenon, however, is an instance of provision for 
the welfare of man, prior to his wants ; and was produced by 
an arrangement of causes calculated to secure a future state 
of things best suited to sustain the permanence and happiness 
of animated existence. 

From the study of nature, then, we can hardly fail to 

Sther ennobling views of the Universal Governor, or to de- 
ce that a knowledge of his character is essentially impor- 
tant, as our happiness and safety are immediately under his 
control. It is difficult for those who have derived their 
lions from revelation, to determine how far the attributes 

t Deity and his relation to man might be gathered from na- 
ture ; but there can be no doubt that the sources of knowl- 
edge illustrate each other, and that we are surrounded by sen- 
siue pioofs of his superintending care. 

The cultivation of an acquaintance with the nature and 
effects of physical causes has some influence in raising our 
standard oi happiness, by impressing us with the true dignity 
of the human mind. One design in the creation of the hu- 
man mind was, probably, to secure the appreciation of the 
wisdom evinced in the action of natunu causes, and the 
praise of the Creator as the necessary result ; while, at tlie 
same time, the investigatioii of nature is a noble puvsuit to 
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man, increasUig Us nobility and power with hit adtaaee m 
knowledge. And hence it is, that the man who has eton a 
slight acquaintance with the phenomena by which he is sur- 
rounded, and the causes from which they flow, feels himself 
raised above the great mass of mankind. He is cooscions 
that the attribntes of mind form the true and chaiacteri^tie 
dignity of our species, and that their health and energy are 
the highest distmction of individuals. The laorels of the 
warrior are but the ensigns of oar mortality ; the aehiere- 
ments of the philosopher are, in some degree, eridences of 
our divine origin and immortal destiny. 

But if there were no other personal advanta^ to be de- 
rived firom acquaintins ourselves with the physical constitu- 
tion of the world in which we live, and if philosophy had no 
ulterior benefits to confer, the pleasures resulting from the 
pursuit would be sufficient of themselves to allure to the 
study. To satisfy the love of knowledge, a principle deeply 
implanted in the human mind, is in all cases a reward for 
toil, though the pleasure we derive from our pursuits is inti- 
mately associated with the kind of knowledge to be obtained. 
In the study of nature we seek to know that which engaged 
the attention of the Supreme Mind, and this thought makea 
tispecuUarly conscious of the dignity of the pursuit. 

When we have grasped a few of the general laws of n»* 
ture, an additional satisfaction is derived from a contempla- 
tion of their harmony. The scenes by which we are sur- 
rounded are no longer inadequate to our gratificatkm, but in 
every change we are able to trace the combination of eaosef 
from which it proceeds. The mind, intent upon its purest 
gratification, is ever waiting for instruction, and seizes upon 
every phenomenon as an illustration of causes with which it is 
already acquainted, or deduces from it one with which it was 
before unacquainted. Thus, in the very pursuit of his inqui- 
ries, the philosopher finds his reward. 

But the physical sciences confer benefits on society as well 
as on the individual who is devoted to the investigation of 
them, and to the enlargement of their boundaries ; and thia 
they do, not only by providing rational amusements and meth- 
ods of well employing time, but by enhancing the comforts 
and diminishing the number and amount of the evils of life. 
There is so intimate a connexion between the physical 
sciencea and the arts of life, that it is almost impossible that 
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the one should not derive some benefit from the. adTancot 
made by the other. Science, however, is the pioneer, while 
art successAiUy applies the properties and powers of matter 
for the accomplishment of its purposes, often placinff in Uie 
bands of science the means of extending its inyestigations. 
To^ elucidate these statements, two or three instances may bo 
mrntioned in which the study of physics has been most adTaii« 
tageous to (he progress of the mechanical arts. 

As a maritime people, our prosperity greatly depends upon 
our facilities of water communication with other nations ; and 
consequently the improyement of naval architecture is, to U8« 
of the greatest importance. The business of a naval archi- 
tect is to construct a vessel, whether for war or burden, of 
such a shafte that it may be conducted with safety over tha 
ocean, and at the same time o£fer the greatest possible con* 
▼enience for ^argo and men. Could we pass in review the 
history of this art, we should not fail to observe that it has 
been entirely de{>endant on the process of natural philosophy. 
There are two questions which immediately present them- 
selves to the mind when we consider what is required in the 
construction of a vessel ; what constitutes ^e stability of 
floating bodies \ and wkit is the solid of the smallest resist^ 
ance 1 The science of hydronamics answers both these quea* 
tions, and thus provides data on which calculation may in all 
cases be established. 

The stability of a floating body depends upon the situatioa 
of the centre of gravity in relation to a point called the meta« 
centre ; that is, the point where the axis of the centre of grav* 
ity of the body, and of the fluid which it displaces, intersecl 
each other. When this centre of gravity of the body ia be- 
low the meta-<?entre, it is stable, when above, unstable, that 
M, it will upset ; and when the two points coincide it is indif* 
ferent to motion. These facts are evidently calculated to ao' 
eist the naval architect at all times to provide a vessel vrhich, 
with her cargo, may float with stability upon the water. 

But every floatmg vessel would not be suited for the pur- 
poses of navigation ; for although all bodies experience resist- 
ance in moving through fluids, that resistance will diflTer ac- 
cording to their shape. A line-of-battle ship would require ft 
nauch greater power to move her with a given velocity broad- 
tide first, than is required to move her in the usual maimer. 
A broad surface, then, moving in a fluid, ezperiencea a greatef 
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iMMtance than ft nanow one ; but (rom this it might be ha* 
agined that a swift sailing vessel ought to be tmflt as nanow 
as possible, that she may cat her way throu{^ the waters. 
There is, however, a limit to the narrowness of a floating 
body, that it may he the solid of smallest resistaneei and to 
determine this limit is in itself a diflicnlt problem, tfaoogh 
science lends its aid and solves the qaestion. 

If civil architecture might be taken as another example, it 
would be eaiy to show that the icience of constmetaon is en- 
tirely dependant on results determined bf the philoeopher. 
Unhappily, however, the undue attention that ia, in die pres- 
ent day, paid to the decoration of buildings, has dismembered 
the profession ; and all those works which require a knowl- 
edge of scientific facts, are now referred, by many architects, 
to a class of professional men called civil engineers. But 
whether the construction' of harbours, bridges, canals, and 
railways, be under the direction of the architect or of the en^ 
gineer, they cannot be properly constructed without the aid 
of philosophical principles. 

The design of fortifications, the theory of gunnery, the art 
of guiding a vessel through the water, are afl dependant on 
natural philosophy ; and to understand the construction of the 
human body, or the practice of surgery, some acquaintance 
with it is essentially required. In every civilized country 
except England, it is a requisite branch of medical education ; 
and we do not fear to state, that without an acquaintance 
with it, the philosophy of the animal firame cannot be under- 
stood. What are the Ihnbs of animals but a combination of 
machines t what the heart and bloodvessels but hydraulic 
apparatual and who would be acquainted with the construc- 
tion of the lungs, the eye, and the ear, and yet remain igno- 
rant of the sciences of pneumatics, optics, and acoustics t 
The study of natural philosophy may, m fact, be considered 
as an essential branch of medical education, and the student 
has a peculiar motive to the pursuit, for all the mental advan- 
tages are his, with the prospect of employing his knowledge 
to alleviate the misfortunes and suffering to which the human 
frame is exposed ; while the accessions made to the eiiietencv 
of medical science by the study of physics ought to be suffi- 
cient to demand the attention of that profession, no less from 
philanthropic than from personal motives. 

To enumerate the public and more general advantages 

Ba 
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which have resulted from t. study of those pheDomene th«t 
govern the appearances presented by materia] existence, 
w<Nild be an almost endless task. It has destroyed the 
monsters, superstition and priestcraft ; it has aided the prog- 
ress of civilization ; has increased the comforts of the poor, 
and the wealth of the rich ; has given to man the control 
of the ocean and of the air ; established the kindred of hu- 
manity, and united the ends of the earth. 

It is quite impossible, in the present day, to estimate the 
amount of mischievous influence exercised by systems of phi- 
losophical imposture on the ignorance of the early and miadls 
a^es. It is, doubtless, to be accounted for by the dispropmr- 
tion existing between Uie degree of their philosophical knowl- 
edge, and their ingenuity and taste in the elegant arts, and 
the luxuries of life. With all the susceptibility which refine- 
ment engenders, and yet with a total ignorance of reli^on 
and sound philosophy, the early nations were so deei>ly im- 
mersed in superstition and idolatrv, as to be of necessity the 
helpless dupes of imposture. To what extent they were 
misled and bewildered is difficult to ascertain, for the secret 
recesses of the temple and of the cave have not been thrown 
open to our view. But this we do assuredly know, philoeo- 
phy has detected the cheat, and silenced the impostors. 

Scientific knowledge, associated with the more powerful 
energies of Christiamty, has raised the human mina firom a 
depth of degradation, the records of which cast a gloom upon 
our nature ; and we now anticipate the arrival of the day 
when the intellectual and moral power of mankind will be 
completed by their united influence. 

But science has accomplished more than this : it has not 
only assisted in breaking the chains of superstition, but haa 
provided for that communication between man and msn in aU 
parts of the world, which, by allowing an interchange and 
communication of opinion, cannot fail to destroy prejudice 
and establish truth. We are not now the servants of the 
winds and the tides, but their masters ; we have learned to 
combat nature with her own weapons, and m many instanoee 
have employed with advantage the very impediments that 
long opposed our eflbrts. 

To the invention of the steam-engine we might refer aa | 
one of the most surprising ejSects of the application of the * 
human inteUect tp the study of physics. A vapour ia the 
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mfffiug pcm&t i and thoagh it would iqipair, to tte ibmi iHm 
WM ignorant of its |irop«rtie% the loost proteUo of all tho 
attempts that have been made to obtain a power sofficient to 
counteract the impediments to motion rssnltinff fiwm natural 
canses, yet it is infinitely the most effieacioas and controllable. 
When rain ialls upon the snrfaee of the earth, it remaina % 
short time, and disappeara. It may have boMi bought by 
some mmecessaiy to inTestigate the cause, but the obserrar 
has satisfied himself with the supposition that it passsa 
through the soil into the interior of the earth. Tliere U9, 
howerer, some strata through which the water cannot be IU> 



tered) strata which are in^penrioas to its passage, and o? ec 
their sorftce it passes as it would over a basin of oil. The 
rapid disappearance of the rain that falls on the earth cannolt 
therofoTO, in all cases, be attributed to the process of filtra- 
tion, but is the result of that calorific influence of tho solar 
rays, which, heating the surfsce of the earth, quietly carriw 
a¥ray the redundant moisture as an inmible yapour. 

liie same process is in operation from the surfiice of all 
oceans, seas, and other masses of water ; were it not for this, 
the amazing body of water which the Mediterranean Sea, for 
example, recervee of the many riTen and tributary streama 
that now into it, would necessarily raise its level. But no 
such effect is produced ; thera sppean, on the other band« to 



Straits of Gibraltar. 

Thia is one of those wise nrovisions of the Creator, by whkh 
the continuance of Tegetable and animal life is eflfocted. But 
who, in the consideration of this plienomenon, or the ahaoat 
analogous one of vapour rising from a boiUng fluid, could ever 
imagine, iiom the knowledge of it, the application of steam ao 
a moving power 1 — ^yet the philoeopher, by continued investi- 
satiott, ascertains the laws of action and of change, and at 
mst invents the steam-engine 

The applieation of the stsam-engine is soanely leoa re- 
markable than its invention. It has relieved man of part ot 
that cune which resU upon him ; << by the sweat of tlqr brow 
shalt thou eat bread.*' It saws his timber, and foms his 
iron ; constructs the materiafe for his dothuig, and gnodb hie 
coin, leaving him little BMre than a spectator of its 



ftO INTEOBITCTOKT. 

looi opcffBtioni. But its most nmtrinble ftppliettion is that 
by which it becomes the source of locomotiOD. It ploughe 
the might^r waters in its own strength, and Tirtnallj connects 
remote cities and nations, in spite of distance and the obsta- 
cles which nature herself has interposed. The railway and 
the steamboat give an importance to this and succeeding 
ages which cannot be too nighly estimated. In order that 
despotism should be destroyed, and Christianity be establish- 
€d, a freedom of access between the several sections of the 
human family is almost essential. The means have been 
already provided, and the time, we trust, is not far distant, 
when, l^ their combined influence, all nations will be united 
in^ the bonds of a catholic philanthropy, if not of a common 
Adth. 

If the accuracy of these remarks and deductions be admit- 
ted, the importance of physics will not be denied. The works 
of God are in aU things our model ; and when we attempt to 
apply natural a^nts to accomplish our purposes, we only 
inutate that which is constantly going on m the materiid 
world. Men are accustomed to Mast of the profundity of 
their knowledge, and the extent of their influence over nat- 
ural agents, but their efforts are like those of the child, who 
blows a soap bubble to mimic the upward flight of the aero- 
naut. The philosopher is but nature's schoolboy, and his 
efforts are but attempts to understand and applv the agents 
by which Gk>d governs his material creation. All true science 
is written on the page of nature ; and the man who can explain 
the phenomena by which he is surrounded, and the character 
and habits of the causes which give them birth, is in every 
respect a philosopher. In this nature God has in some de- 
gree developed his own character, but he has thrown a shade 
over it, as though to preserve it from the ineuiious gaie and 
profane violation of the indifferent and contemptuoua. Mind 
IS not less under the guidance of law than matter ; and if 
there be one prmciple more distinctly developed than any 
other, it is the necessity of a means to a result. A casual or 
careless attention to one or two series of phenomena is not 
sufficient to determine their orisin, and much less to ascer- 
tain the nature and activity of ummo causes by which matter 
is universally governed. The human mind has never arrived 
• at any important discovery, bat by slow and progressive 
means. We have not a single instance of the discovery of 
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a Tilaablo phUoaophical fact by coDJectan; and had Ihia 
•tatement been known and appfaciatM bj tbe •choolman of 
Greece, Rome, and the middle a^, the modern philoeophar 
would be more engaged in teaching than in learning. £jE- 
periment is the foundation of philosophy ; and for the want of 
it men have established dogmas for causes, trusting opiniona 
as data, and building hypotheses on unsound foundationa. 
Every science within the boundary of natural philosophy o^ 
fers proofii of this statement, and illustrates the Talue of ex- 
periment 

But let it not be supposed that in insisting on the high im- 
portance of experiment we depreciate the value of matha- 
matical studiea ^ They are important, and necessary to htm 
who desires to investigate with minuteness any branch of 
phyucs ; but they are not indispensable to an accurate knowl- 
edge of principles, and we have acquaintance with many suc- 
cessful experimenters who are utterly ignorant of the matha- 
matica In one case we entirely trust to intellectual eneigy 
and the infallible power of numbers ; in the other to reason 
and to our senses, which, though they offer a readier, and gefr> 
erally a more appreciable species of evidence, involve at the 
same time greater liabilities to error. The mixed method 
of investigation is, therefore, always to be preferred. 

The reading public, though not so opposed as it once was 
to scientific research, is not to be attracted by mathematical 
erudition, or the statement of prolix propositions, but must 
bave plain reasons, or experiments, before it is willing to ad» 
mit the statements oi those who pretend to teach phibsophT. 
The ^eater number of readers are unable to appreciate math- 
•matical demonstrations ; and there can be no doubt that their 
|[eneral use in elementaqr works, and the unpopular maimer 
in which scientific truths were explained, have tended to pre- 
vent the progress of scientific knowledge. We must inter- 
rogate iiature by experiment, availing ourselves of the assist- 
ance of the sciences of quantity and number, as useful auxil- 
iaries in the study of the more complex principles of motion 
as exhibited by various agents ; but, in the explanation of 
phenomena, the simplest methods of demonstration oueht to 
De used, and the moat familiar illustrations should be chosen 
to allure and encourage him who is in search of information. 

These hinderances to the progress of scientific knowledge 
jsave bean in our day removed ; and though the process of 
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edacation hat derived little advaataffB from it, the ftmlt w 
with the teacher rather than the public. The ftcoltiea, ca- 
pdsilities, and condition of the mind are never atudied, but 
ten years of TiTacioos and energetic being are occupied in the 
acquisition of words. A new inhabitant of earth, surrounded 
by strange and novel i^pearances, goremed by a curiosity to 
know something of that which affects his senses, and produces 
the sensation of pleasure or of pain, is checked in ever^ in- 

J|uiry that he may make, and is compelled to cultivate a smgie 
acultjT, and to attain a knowledge of words and criticisms ; 
is in fact doomed to pass his existence in a world which, for 
aught he knOws, has not a sing[le attrtbuto of perpetuity. 
We may be permitted, from experience, to pity the mmd that 
is doomed to a lengthened slavery in the acquisition of words, 
and the improvement of memory, when observation and cu- 
riosity are the predominating principles of mental activity. 
To deny the value of an acquaintance with foreiffn languages, 
and even of those which are so improperly caUed the dead 
languages, since diey, in a great measure, form the literary 
taste of our own and other nations, would be to deny the 
value of accuracy of style and expression, energy of thought, 
bursts of eloquence, sentiments of morality, and knowl^ge 
itself. There are minds that break the trammels of system, 
and, possessing a knowledge of languages and literary ele- 

Cce, add to it a knowled^je of men and of things which gives 
re to learning ; but nunds of less stren^ are too often 
buried under lexicons and grammars, or acqmre a distaste for 
all species of knowledge. The error is not in the acquisition 
of langua^s, but in studying them exclusively at a wrong 
time. It 18 not our intention to advocate the importance of 
scientific knowledge, by misrepresentinff the claims of litera- 
ture, but rather to urge the necessity of their union, and the 
combination of their efforts ; for tbouffh " the mind is the 
standard of the man," it is ever desirable to remember that 
it dwells m a material tabernacle, and is aeted upon by mate- 
rial causes. 

Although much has been done calculated to diffuse knowl- 
edge, education is still in a great measure confined in its 
objects, and frequently injurious in its effects. The estsblish- 
ment of philosophical institutions has certainly a tendenc}r to 
fionect tne evils which flow firom the system of education 
adopted in our schools, and it is now little less than colpable 
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Deffligence in a teacher if he does not iTail himfelf of the 
ai£ which these societies offer. But we can expect little 
improyement in the system, until both the teacher and tho 
public feel the necessitj of blending literature and science 
and of regutUng the peculiarities of mind which may dis- 
tinguish indiyiduals. It is seldom that the faculties of mind 
are uniformly developed ; and although it may be neceasary 
to correct the inordinate passion which is sometimes indulged 
for a particular pursuit, yet it is evident that to repress it 
altogether would be to destroy the ener||y of a mind, and tm 
create a disgust for learning itself. Scientific knowledge is 
at least as important as ancient literature, but we shouM as 
much regret an exclusive attention to it in our schoob, as we 
do the system now adopted of only teaching the classical 
languages. AU minds are not equally suited for the sama 
pursuit ; and unless some circumstance in after life should 
rouse to activity in that department of knowledge for which 
the individual is by nature adapted, the energies of his i 
must be irretrievably lost to society. 



CHAPTER I. 

THB BAKTH IN KBLATION TO THB UNIVIKSB. 

No science can be perfectly understood by a person who 
has confined his attention to the fiicts it teaches, for philosophy 
may be compared to a golden chain, which men are cmnpeued 
to examine Hnk by li^ unable at once to perceive the con- 
nexion which exists between its parts. So, if we attempt to 
explain the phenomena we witness upon the earth's surface, 
without previously acquainting^ ourselves with the conditions 
of the body, and the relation it bears to those bodies by which 
it is surrounded, we shall always be sensiUe of the incom- 
nidteness of our knowledge, and maj, in many instances, be 
led mto error. All the causes acting upon the surface of the 
earth may be in themselves suited to sustsin and nourish the 
creatures by which it is inhabited ; but the relation it bears 
to other bodies may, for aught the mass of mankind know. 
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bs cilciibtt^ to denoge th«ir action, or to destroj the planot 
itaelf. Our first object^ therefore, muet be to awertain 
the celestial relatione of the earth as a member of the 
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Tnm a casual examination of external phenomena, an ch* 
server would niobably be led to the conclusion, that the earth 
is an extendea plane. This opinion was lon^ entertained by 
the illiterate, and in different periods of the histoiy of science 
was belioTed and taught by the learned. Fabricius, in hie 
*^ Bibliotheea Gh«ca," gives an account from Photins and 
others, of the theory proposed by Cosmas Indopleustes, 
which- greatly resembles tne systems once taught in the 
Hindus and Egypt. This theorist maintained that the earth 
was an immense plane, surrounded by an impassable ocean. 
A conical mountam was supposed to be situated towards the 
north, and the sun and stars to perfonn their diurnal reyolu- 
tions round it, the sun itself havinff an oblique motion. By 
this wild conjecture, he explained me unequal length of day 
and night, and the yariation of the seasons ; and accounted 
for the motion of the hesTenly bodies by the assertion, that 
they are carried round in their courses by celestial spirits. 

It is almost impossible to determine the influence of an 
erroneous theoiy in retarding the progress of scientifi^c 
knowledge, and m delaying those benefits which that knowl-> 
edge codfisrs upon society. When error is cherished as 
truth, the mind has no incitement to inyestigation ; but, being 
satisfied with the false opinion, exerts its ingenuity and in- 
telligence to sustain it in the esteem of others. It is a pro- 
tsvbud remark, that first impressions are the strongest ; and 
H must be admitted, that tt is more difficult to destroy a 
belief in a fiilse principle than to discorer truth. But this 
difficulty becomes still greater when the public has adopted 
the erroneous opinion, md to correct it requires a mind that 
has sufficient daring to disregard the sentiments of others, 
and to q>peal to posterity rather than its contemporaries. 
But it must not be forgotten, that emmeoue theoretical prin* 
eiples provent the practical results which may always be ex- 
pected to fellow the establishment of scientific truth. Had 
the hypotheais of Cosmas Indopleustes maintained its influ- 
•MM •▼« the poblio miody it would have proTented men ftws^ 
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attonpting Um inTMtigatioD of the mrftee of tfat earft; ftr 
tho eonTictioD that it was sDRooiidod by an impaanUe oeaaa 
conld not haire acted aa an indncament to attempt ha ■Bfifa* 
tioD, bat fear would have prerafled orer cnrioiitTt ttid tM 
hopea of ererr man mntt naTe been eentred in the toeiety 
of which he happened to be a member. All the benefita 
that have resulted from the diaizibation of the human nee 
over the atuface of the earth would have been retaided, eon* 
Buvce woold eterywhen have been reitrieted, and eitiHai- 
tion haye been unknown, if thia hypotheiia had not been die- 
proved. It will therefore af^iear, that the reeeption of 
error in philosophical inqniriea, whUe it retaida the advance- 
ment of knowledge, must entirely prevent all the beneficial 
pnoHcal veenlts which are the conseqnenta of ascertained 
philosepfaical troth. 

A caaaal or hnperfect observation of phenomfloa might is 
tiie present day lead an ignorant obserter to imagiBe the 
eaith an extended plane, bat a earelhl inveot^stien eonli 
ecaicely fail to eonvmce him that hie fiist impressions were 
•rroneoue. We can conceive an individual determined to 
judge ton himself, and, having no attachment to any opinia» 
that does not commend itself to his mind, to trace the ph*> 
Bomena he observed to their cauae, and apmach to a demott* 
etratioa of the true form of the earth. ** Wherever I atand»" 
lie might say, '^^lere is a vast extent of wptet above ma^ 
and beneath my leet an impasmble maas of matter ; and 
hence I know that the eardi is limited, at leaat on one aid«. 
But the sun rises in the east, and sets in the west, and this 
it does day after day ; and when it disappean, I observe the 
moon and the stars to take the same revolution from one 
extremity of the hemisphere to the other ; and I may d^nce 
from thM appearance, that the earth is not indednite in ex- 
tent, but is an entire]^ independent body, and, having hrnitp, 
it must have fieure. But I have often observed that whsn I 
stand upon a flat and extensive country, or in a vessel at 
sea, I appear to be placed in the centre of a diatinct circular 
line, which is not, however, the limit of my vision ; for lofty 
objects, such as the steefdes of churches, and the topmasts 
of vessels, are distinctly seen beyond it ; and when I ascended 
an eminence, the lower parts of the same objects came into 
view. Such a phenomenon as this,*' the inquirer mi|^t say, 
M ^m only be accounted for by sappoaing that those portions 
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of the earth on which I haye made Aeae obterrat jons are 
eurTilineal, and as other persons have obsenred the same ap* 
pearances in distant places, there is some eyidence that the 
earth has a conyez surface." Thus far an inqaisitiye mind 
might proceed, without being able to determine whether XhB 
earth was a globular body, or an irregular mass with a con-, 
▼ex surface. But let hun be informed that a navigator, 
leaying some shore in one direction, has, by keeping the head 
of his vessel towards the same point of Uie compass, returned 
to it in an opposite direction, and he will no longer doubt that 
the earth is a snherical body. 

To deteimree toe precise fonnof the earth requires obser- 
vations of a more accurate character, and more artificial 
means of inquinr are necessary. If the earth be a spherical 
body, we may <L:aw a Ime round it in any direction, and by 
measuring it we might not only determine the precise form 
of the^artb, but also its dimensions. How difficult soever 
this may appear, it has been done, and we have thus become 
acquainted with the form and dimensions of the earth. 
Those lines which are imagined to be drawn round the earth* 
passing through the poles, are called meridians ; and if the 
earth were round, all these lines would be circles, and we 
might divide them into any number of parts, which would be 
equal to one another ; but if the meridians be not exact 
circles, then the parts would differ in measurement the one 
lirom the other. Xet us then divide a meridian into thre^ 
hundred and siztv perts, that is, into degrees, and measure 
one of those at diserent places, and we find that the length 
of a decree is greatest near the pole, and least at the equator* 
The fiAowiDe table, given by Professor Airy in his paper on 
the Figure of the Earth, and by Sir John Hencbel in his 
Treatise on Astronomy, will show the length of a meridional 
degree at different places, as calculated nom the results of 
the most accurate experiments. 
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CoimtiiT. 


Lditiid«er 

the middle of 

Oeare. 


^.^ 


Ui«(h«f 
ibede- 


OkMTfW. 


Sweden . . . 
Russia . . . 
England . . . 
Prance . . . 

France . . . 

Rome. . . . 
America, U.S. 
Cape of G.Hope 

India .... 

India .... 
Peru .... 


D. If. 8. 

66 20 10 
68 17 37 
52 35 45 
46 52 2 

44 51 2 

42 59 
39 12 
33 18 30 

16 8 33 

13 32 21 
1 31 


D. M. B. 

1 37 19 
335 5 
3 57 13 
820 

12 22 13 

2 9 47 
1 28 45 
1 13 17i 

15 67 40 

1 34 66 

3 7 3 


36578B 
366368 
364971 
364872 

364636 

364262 
363786 
364713 

363044 

363013 
362806 


Svanberg 
Stnrve 
Rot, Kater 
LacaiUe,Caaiiiii 
I Delambre, 
{Mechain 
Boscovitch 
Mason, Dixon 
LacaUle 
(Lambton* 
\ Everest 
Lambton ^ 
OondaminA. 





From these and other observations we deduce that the 
earth is not & perfectly round body, but that its real figure 
is that of an oblate spheroid. A spheroid may be either ob- 
late or prolate, the former being flattened, and the latter 
drawn out, at the poles. 




Figure of the Earth. 

The following aire the dimensions of die earth, at ealcula- 
ted from ^e best series of meridional arcs. 

Miles. 
Greater or equatorial diameter . • 7986.648 
Lesser or polar diameter . 7899.170 

Difference of diameters, or polar compression 36.478 
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TBI EBTOLVTIOH OF THB BABTH ON IT! AXIS. 

Hayinff atcertaiiied the form of the earth, there will be Hi* 
tie diffieuty in detenmnixig the relation it bears to the celee- 
tial bodies. It has been akeady stated that an observer, bf 
carefolly examining the position of the stars foi^ a fewhonr^ 
would discoTer that they have a regular unaccelerated mo- 
tion. All the celestial bodies are moving, but their motum 
is uniform, and each one is inrelatiye rest to the others, pur- 
suing, iirom the moment it rises, an undeyiating path towards 
that opposite point where it is to set. 

This apparent motion of the stars may either arise from 
some proper motion in the heavenly bodies, or from a revo- 
lutioii of the earUi on its own axis : either of these supposi- 
tions will account for the phenomenon to which we have al- 
luded. If the appearance be supposed to result from the 
proper motion of the stars, it must be acknowledged that they 
are fixed in an enormous concave snhere, which has a perpet- 
ual uniform revolution ; for it is hardly ]x>S8ible to imagine 
that each individual body has a motion of its own, so adi^ed 
to the motion of all the others as not to change its relative 
position. The immeasurable distance of the stars, however, 
toibids the supposition that they are all fixed in a revolving 
qdiere, for sncn mechanism would be in itself most cumber- 
some, and unlike the simple arrangements commonly em- 
ploy^ by the Creator for the accomplishment of his pur- 
poses. 

It is far more prdbsble that the earth has a revolution on 
its axis, and this supposition will enable us to account for all 
the appearances tluit are presented by the celestial bodies. 
If the earth has a diurnal revolution on its axis, an observer, 
situated on its surface, will participate in its motion ; but as 
his horizon remams fixed, aim as the objects around him have 
tiie same motion as himself, he will imagine that he is at rest. 
But as the horizon of the individual revolves from west to 
east, so the heavenly bodies have an apparent motion from 
oast to west : and for the same reason, a person in a saiting 
vessel may ima^e the shore to be receding firom hini, insteaii 
of attributing its apparent motion to the real motion of the 
ship in an opposite direction. The whole hemtsphera, then, 
npoQ the pnnciples of this explanation, makes an apparent 
yeffghition; and in that period reqiiired by the earth to perii^ 
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lit dtmna] revohition, the ttan will retoni to the relatiTv 
places they before occupied ; and as the Telocity of the eartii'e 
rotation is uniform, this will occur in equal times. 

Bat let us suppose our observer to pursae his investiga- 
tions a little more closely. He has already diecovered that 
the stars apparently move in the arc df a ciicle, rising in Uie 
east and setting in the west. Towards the sooth there are 
some that just rise above the horizon, take a short arc, and 
disappear ; while towards the north there are some that never 
set, but revolve in very small circles around a point, which is 
called the north pole ; but this point is not marked by any 
star, although there is one so near to it, that the unassisted 
eye cannot discover its motion. As soon as the observer 
has ascertained these facts, he becomes conscious that there 
is one section of the celestial sphere that is hidden from his 
▼iew ; for as there is a segment containing stars which never 
set, so there must be one in which stars revolve without ri- 
sing, and these are called the south polar stars. To obtain a 
view of these, he must travel sootnward. As he proceeds 
on his journey, the north polar stars win approach the hori- 
zon, and the stars of the southern hemisphere will be propor- 
tionally raised. When he has reached that line on the surface 
of the earth called the equator, that is, an inuupnary line, 
dividing it into hemispheres, the poles will be in his horizon, 
and every star will appear to perform half it^^volution 
above and half below his horizon, and no part of the heavens 
will be hidden from his view. And here we may suppose 
the inquiring traveller to be struck with the fact, diat although 
the paths of the stars are so different in extent, those which 
rise exactly in the east having much the longest arcs, and 
those at the poles the shortest, yet every star is above the 
horizon for the same period of time. But if the observer still 
travel southward, the south pole of the heavens will be rais- 
ed above his horizon, and the north pole will be depressed 
below it ; and when he is as near to the south pole of the earth 
as he was to the north pole at the commencement of his jour- 
ney, the phenomena will be entirely reversed ; the soath po- 
Imt stars will never set, the north |X>lar will never rise ; and 
if he could still travel southward and reach the pole itself, 
the stars would appear to revolve in circles parallel to th« 
plane of his horizon, and to one another. 

These results cannot fail to confirm the conviction, that 
C % 
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tlia motion of tfao ttan is only upaMnt, and that h ispioda* 
eod by tho revolation of the earu on its azia. 

THKOBT or THE rOBVATION OF THE VABTB TOVRDSD Ott 
ITS mUBNAL ABTOLUnOH. 

Now it it a aisflular £iet, that these results perfectly ae* 
cord with the combined theoretical deductions of astrono- 
mers and geologists. The coToring or ciust of the earth is 
known to consist of a^series of strata of different substances 
and of Tsriotts thicknesses. Beds of clay and marl, lime- 
stone and sandstone, gravel and sand, are promiscuously 
mingled together, many of them containing the remains ti 
marme and fresh-water animals, and all of them bearing evi- 
dence of their formation as resulting from the deposition of 
water. Some haye been formed at the bottom of riyers and 
lakes, and some in seas and oceans, while others have been 
produced by casual catastrophes, which haye caused the wa- 
ters to leaye their channels, end sweeping oyer localities, or 
the entire surface of the earth, to destroy rocks, and round 
the fragments they haye broken from the parent bed. The 
same process of destruction and reproduction is going onia 
the present day, though not perhaps to so great an extent as 
at the time when the crust of the earth was form^. If the 
beds of riyers, or of lands that are frequently flooded, be iz« 
•mined, strata of sand, mud, or gravel will be found, as pro- 
duced by sediment from the water that has flowed over them ; 
and many contain the reaasina of the animals that once lived 
in the water, or were destroyed by its means. Wherever 
strata, havins the same characters, and containing organic 
remains, are found, it is fair to deduce, how deep soever they 
may be below the surface, that they are attributable to 
causes similar to those which are now active in the produc- 
tion of rocks. But such strata have been seen in ail those 
parts of our fflobe which have been visited by man, and 
hence it would appear, that the dry land haa actually \>een 
produced by water ; and that the particles which, umteii to- 
gether, now fonn the supeifficial covering of the earUi, must 
at a former period have floated in loose unconnected particles 
in pre-eodstmg rivers and oceans. i 

Taking these statementa as the legitimato deductions of 
geological inquiry, they may be so applied as to account for 
iispnuat jana of the earth. If the earth iMd been foimod 
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apferfeetly spherical body without a motkm on its ans, aU tlw 
mXet, however distnbuted on its sarface, would hare loft tliB 
places it occupied, and have rashed towatds the poles, leaT- 
ma a ridge of barren moontaiiis roand the equator. But if 
it had been possessed of the same form, and had received an 
impetos giving it a revolution on its axis, the centrifugal 
ibrce being greatest at the equator, the water would havo 
been accumulated there, and a mountainous ridge of rocks 
would have been exposed at the poles. 

It may not be perfecthr understood by the reader what ia 
meant by the centrifugal force. When a body is made to re- 
volve on its axis, there will always be an atten^t in the par* 
ticles composing that body to fly oflf from the centre of mo- 
tion. If a bucket of water be suspended by a string, and a 
rapid rotary motion be communicated to it, the water will 
accumulate, and form a sort of wave round the side of the 
vessel : and if we could give the same motion to a substance 
which consisted of veiy loosely connected parts, the^ would 
iy one from the other, and leave the string by which they 
were suspended. Now these are the results of the centrifu- 
gal or centre-flyinff force. 

Bat it is weU known that the force with which a particle 
is urged to fly away from the centre of motion increases with 
its distance from the centre, and consequently, in every globu- 
lar body, that line of superficial particles intermediate between 
the pomts which termmate the axis of revdution, will havo 
the greatest centrifugal force. From this statement it loir 
lows, that the equator of the earth must suflfor a greater eeft- 
trifugal force than any other part of its superficies. A very 
pretty instrument is used by lecturers to fllustiate this foci. 
Two elastic iron hoops are united together, and placed upon 
an axis, having a capabiUty of compression, so that a pras- 
aure upon the top would cause a swelling out of the centre 
or equator. These hoops are put into motion by a multiply- 
ing wheel, or by a band and wheel, which, in consequence of 
the centrifugal force, causes an expansion of the equator, 
with an attendant depression of the poles^-^<Se« p, 99.) 

Now let it be supposed that the earth, when created, was 
a perfectly spherical body, and that it had a tevolution on its 
axis, then an inmiense bod^ of water must have been acen- 
mnlated round the equatorial regions. But water is every- 
vibere charged whh the dihris of rocks, which it fotaae or 
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eollecto in its pauage from one place to another ; and at it 
liat always had the same force under the same circomstancet, 




it must have done this from the beginning. But rocks are 
formed by the sedimen^ deposited by water, and the detritus 
it accumulates ; therefore rocks must have been formed in 
greater amount round the equator than upon any other part 
of the earth's surface, and hence the greater equatorial di« 
ameter. 

We do not assert that the earth must necessarily have de- 
rived its present form in this way, but that these theoretical 
considerations will account for the form which we know it 
to possess ; and we are thus led to observe the influence that 
one branch of science exerts upon another. The sciences are 
arbitrary classifications of the laws under which various causes 
act upon different kinds of matter, or matter under different 
forms, and of the phenomena produced. To suppose that 
the various physical sciences are distmct one from the other, 
wavM be to invade the unity of design and hannony of effect 
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AOAftan^ obMTTed, and ne e e w irily txistiBg m ntteriil era- 
•tion. The limitatioo of our capacities may rendai^this di- 
viaion or clasaification neceaaary, but we muat be canfol to 
remember that it ia still artificial, and that die sciences art 
not independent branchea of knowledge. Thia yiew of the 
physical sciences will prove the propriety of the effort we are 
now making) to avail ourselves of their onited assistance in 
explaining the conditions, of the earth ; and sufficient hae 
already ^en said to convince the reader that an extenaivo 
oeriea of phenomena, such aa we behold wherever we may bo 
placed, can only be underatood by an acquaintance with many 
branches of knowledge. 

The first doubt aa to the perfect q»hericity of the earth, is 
■aid to have arisen from observations on the pendulum. M. 
Ritcher, while observing the transits of the fixed stars in the 
island of Cayenne, noticed th&t the pendulum of his clock 
moved at a rate of S' 28'' a day less than it ought, as regu- 
lated by the motion of the sun, and found it necessaiy to 
shorten' the length of hia pendulum nearly one foui^h of an 
inch, in order that it ahould make vibrationa equal to thoae it 
floade at Paris. This singular phenomenon excited the atten^ 
tion of the astronomer, and, when inquiring into the cause, he 
. waa induced to suspect that the earth was not perfectly 
round. 

It may not, however, be quite clear to the reader, what 
connexion there ia between the vibration of a pendulum and 
the fonn of the earth, and we may be permitted to illustrate 
the statement by a few remarks. The instrument we call a 
pendulum conaists of a heavy body suspended by a alight 
cord or thread, and is frequently used in combinations that are 
intended for the measurement of time. It must not, however, 
be supposed, that the pendvdum is in any caae the moviiu^ 
power ; it acts aa a regulator in clocks, and the motion origi- 
aates in the fall of a weisht, or in the recoil of a spring at* 
tached to the machine. Weights are invariably used in clocks, 
springs in watches ; and the latter are generiOlv regulated by 
« balance-wheel, and not by a pendulum. The contrivance 
by which the pendulum of a dock is connected with the train 
of wheels, uid regulates their motion, is called the eacape- 
ment, and of this were are aeveral varietiea, aa the lever, and 
the dead beat, the latter being so named on aocoimt of ttio 
peculiar sound it producea. 
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The theory and Itws of the pendulum will be easily nnder- 
ftood. When the ball of a pendulum that has been freely 
suspended from a point is raised from the perpendicular, and 
is allowed to fall by its Own weight, it begins a series of Tibra- 
tions, which would be infinite, if the motion were not retarded 
by the friction upon the point of suspension, and the resist- 
ance of the air. It falls to the perpendicular position from 
which it was drawn, by virtue of the same power that causes 
a body to fall to the earth ; the force of ^Titation. But 
when it comes to this position, it has acquired a certam ve- 
locity, sufficient to uree it upward on the opposite side, and 
to cause it to describe as large an ^rc as m falling. The 
pendulum, therefore, is in theory capable of a perpetual 
moti(Hi. 

Galileo discoTered that &e oecillations of a pendulum are 
isochronous, or performed in equal times, whether the arc be 
large or small, within a certain limit. He was led to this 
discorery by observing in the church of Pisa the vibrations 
of the large chandelier which had been left swinging when the 
candles were lighted for the evening service. But the law 
that is most important for us 'to notice is, that the times re- 
quhred to perform an oscillation are as the sqjaare root of the 
length of the pendulum. — If, for instance, there be three pen- 
dulums, whose lengths are as one, four, and nine respectively, 
the oscillations of the second will require twic^ the time of 
the first, and the third three times, because one, two, and 
three, are the square roots of one, four, and nine. As the 
oscillations of the pendulum vary with its length, a certain 
length will be required that it may beat seconds, or, m other 
woras, vibrate sixty times in a minute. For the latitude of 
London it must be thirty-nine one fifth inches long ; but a 
pendulum that will beat seconds in one latitude wUl not do 
•o in another. 

The attraction of gravitation is a force with which all mat- 
ter is endowed, and belongs to particles as well as to masses, 
«11 bodies universally attracting each other, directly as their 
masses, and inversely as the squares of the distance. But 
when a body is made to revolve on its axis, a new force is 
called into action, which in some measure resists the attrao- 
tion of gravitation. In the case of our esrth, for instance, 
gravitation would cause it to fall towards, or into the body 
of the fuo, but the centrifugal force solicits it to fly away 
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ftom th6 ran ; and theM two forces bemg •djnitody die eaiih 
retains its place. If the force of gnritf were to cease, th« 
earth would fly off in a ungent to that part of its orbit in 
which it happened to be situated at the moment ; and if th« 
earth were to cease its revolutions, it would fall towards th« 
centre of grayitation. Connect with this statement the fact, 
that the centrifugal force is in proportion to the distance of 
the body from its centre of attraction, and there will be no 
difliculty in understanding the application of the pendulum to 
the measurement of the earth. 

' If the attraction of the earth were not rafBcient to ne«- 
tralize the effect of its centrifugal force, the detached bodies 
on its surface would be thrown off; but even under p r ese nt 
circumstances it diminishes their weight at the equator. U 
the earth did not revolve on its axis, a substance would have 
the same weight at all places equally distant from the centre. 
But as the centrifugal force, which attempts to throw all 
bodies from the axis of rotation, increases with the distanee» 
so the force of gravity must decrease from the poles to the 
equator. 

From this explanation it follows, that the fall of bodies ia 
accelerated from the equator to the poles ; and as the pen- 
dulum is a falling body, its oscillations must be accelerated 
in the same proportion ; and hence it is that &e length of • 
pendulum must be altered to make it perform the same num- 
ber of vibrations m all latitudes. Now it is well known, that 
in the instance of a spheroid of rotation, the centiifucal force 
varies from the equator to the poles, as the square of the nne 
of latitude. 

From these principles we may deduce the real foim and 
dimensions of the earth; and although the method ma^ 
appear to the general reader to be somewhat involved, yet it 
u capable of as great accuracy as any plan of measurement 
that has hitherto been adopted. While the result of the ex- 
periments that have been made to determine the form of the 
earth by actual measurement and by the oscillatione of Uie 
pradulum, prove it to be an oblate spheroid. 

THB BXLAT1VB BIST OV THX FIXXD STABS. 

The thoughtful reader may still have some difficulties con* 
nscted with this subject, and be unable to account for the 
nnvaiying position of the stars in lektion to one anotbei^ 
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H«iiuwtkiiow, thftt when he m lookinj; upon objeeti Uuit m 
near him, thej present different relative positione aecovdiiifl 
to the aitaation of the point from which he yiewa them, if 
he i^er his position only a few feet, the relative places of th« 
nearer objects will be greatly chansed, bot in those which 
are more distant the change wiU be less distinct Acquaint* 
ance with this fact may have already indaced him to imagiae 
that the stars do not change their relative places, from what* 
ever point he may view them, because they are so &r distant 
that there can be no comparison betwe«i the distance of the 
Stan and the distance from each other of the two places 
from which he views them. We are, in fact, accustomed to 
refror all objects to an imaginijry sphere of indefinite radine^ 
the eye being its centre ; and in proportion to their n oirae aa » 
tiieir relations will change with an altcaratimi of the place 
from which lhfl(y are vievred. 




Let A and B be two positions from which we view the 
two objects c and d. At B we shoold refcr both ^ obj|ecte 
to the point o ; bat, as we advance towards A, the objects 
spparently ehangs their place ; and at A we shoQld refer the 
Object c to the point ft and the object d to the «»nt p, the 
nearer object sobtending a greater angle, A e B, ^aa the 
more distant, A ci B. 

This angiidar motion of an object on onr sphere of visioo, 
arising from our chance of place, is called the parallax. Bat, 
•s the amount of panulactip motion decreases as the distance 
of the object increases^ it will cease altogether when the 
object is veiT far removed, and this is the case with the 
fixed stars. Were it not so, the stars would present differ^ 
ent relative positions ; on the hemon they wonM be crewded 
together, inteifcrinf the one with the other, and, ae thmf up^ 
proacM tfat lenilE, tiiey would expand and eene into near. 
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IVom tbeM remarks it follows, that the dimensionf of the 
orbit of the earth are absolutely impexcq>tible ^en eom^ 




Constellation Orion. 

pared with the distance of the stars ; but astrononn' offers Tig 
BO method by which to determine the distance of the nearest 
fixed star. To such a nicety have the means in our power 
been applied, that, had any of the stars yet examined posses^ 
aed an angle amounting to one second, that is, if the earth's 
Oflnt subtended an an^ amounting to one second, it must 
haTe been detected. But, although we caimot determine the 
distance of the nearest fixed star, we do know that it cannol 
e na httleiM 19,900,000,000,000 miles. 
/ D 
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It may be worthy of notice, that astronomen in every 
age, for the conTenience of reference and description, hare 
thought it desirable to divide the fixed stars into groups or 
constellations, to which different names have been ffiven. 
These divisions, though arbitrary, have been generally ac- 
knowledged and used by modem astronomers, and some new 
ones have been introduced. It has not, however, always 
happened, that the figures proposed by the ancients have 
been accurately retained, and m some instances they have 
been actually reversed. The position of the stars frequently 
bears little or no resemblance to the drawings which are 
■upposed to represent them, but they are of much advantage 
to the student, and serve him as an airtificial memory. Who, 
for instance, can have attentively examined the representa- 
tions usu^ given of the constellations Orion and Ursa 
Major, and then have sought for them m the heavens with- 
out finding themi Some attempts have been made to 
chsnffe the names of the constellaticms, and to introduce a 
new division of the celestial sphere. The venerable Bede 
proposed to name the twelve signs of the zodiac after the 
twelve apostles, and Judas Ichillerius gave Scripture names 
to the other oonstellations. It is, however, quite evident» 
that any innovation upon the established order would intro- 
duce many practical inconveniences, and increase the difi&cul- 
ties uid enors of a eompvieon of ancient and modem obser- 
Tition. 

THK FLANSTS. 

Wi have hitherto considered all the stars to be fixed at 
relative distances from each other, without any individual 
motion ; but an observer who has paid sufficient attention to 
determine the facts already mentioned, cannot have failed to 
discover, that some of the celestial bodies, and these tfie 
most conspicuous, are constantly changing their positions, 
aAd wander abroad among the multitude of less restless 
worlds. The moon has ever been among poets the emblem 
of fickleness, not only for the ceaseless variation in the sise 
and form of her illuminated disk, but for her varying motions 
over the broad hce of the heavens. These erratic bodies 
are called planets, and perform, in various times, their indo- 
pendent circuit of the heavens. The fixed stars also have a 
change of place, bat it ia 00 uaimpoKtant that no material 
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aHention hu been produced immg the iiiliole of thtt peiiod 
in which the heavenly bodies haTe been Mtnmomicenjr con- 
sidered. 

We are aocnstomed to judge of distances and magnitudes 
hf the organ of sight, but it entirely ftdls ns when used in 
relation to the hesTenly bodies. An ingenious and shrewd 
ebserrer may, however, deduce from ^>pMrsnces, without 
instruments, many important (acts concerning tiieir motioii 
and relations, and he may also gather some iiSnrmation con- 
cerning their maenitudes and mstanee, though it will be by 
no mesne satistaetoiy, nor approximate to a srstematie 
knowledge. He may, for instance, discover that the clouds 
are nearer to the earth than the celestisl bodies, for they 
often spread themselves like a veil over the entire surface of 
the heavens ; Bxni upon the principles slready explained, he 
may prove that the^r are but a few miles hifffa, as they are 
only seen under particular fonns over a very umited district. 
But the moon is at a very great distance, for she is seen 
over one half of the earth at the same moment, yet she is 
not so distant as the sun, for she sometimes comes between 
the esrth and that body, producins a solar eclipse. He may 
also happen, by the observation of a transit, to discover that 
Mercury is sometimes nearer to us than the sun ; but all the 
information that can be thus attained will be disjointed and 
imperfect, and it is only by very accurate observations with 
the aid of mstruments, that any valuable or correct informa- 
tion can be ascertained. To trace the methods by which 
our knowledge has been seqnired, would be inapptopriate in 
this place ; such a general outline of results aa may be suffi- 
cient to acquaint the reader with the relations of the earth 
to the wandering bodies and the sun, is all that will bo 
attempted. 

The earth is an mdividual and almost unimportant mem- 
ber, of a system of bodies of which the sun is the centre. 
1[lie solar system, as it is called, consists of. eleven planets, 
which revolve round the sun in orbits nearly circular, some of 
them bemjr attended by satellites that have orbite of nearly 
the same form. These motions are produced by the attrac- 
tions of the central bodies ; that of the sun prevents the 
pUmets from flying off into spsce, and that or the plsnete 
■opporte the satellites. All these bodies have therefore ad 
influence on one another at a distance, each one a ss i st in g Sn 
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ooDoectiDg ilie whole ts seemtely as though thejr were abto* 
hitely nnited by a tangible sabstance ; and that inflneDce is 
the attraction of ffravitation. 

Fouf of the i^anets, Venus, Mars, Jupiter, and Satam, 
are not only visible to the naked eye, but may almost be 
distinffttished by their remarkable brilliancy. Uranus can 
acaicely be seen without a telescope, and Mercury, though 
Tisible as a lai^e star, is only occasionally in view, on account 
of its nearness to the sun, in the splendour of whose beams 
it is lost. Its greatest angular distance from the source of 
light is about S9^, and it is either seen as a morning or 
an evening star. When it is to the east of the sun, kSa is 
sufficiently distant from it not to be lost in its retiring glory, 
Mercury may be seen in the western horizon ; when to the 
west, in the eastern horizon, shining witi^ peculiar brSliancy, 
as the harbinger of its lord. Ceres, Pallas, Vesta, and Juno, 
are never seen by the naked eye, to which circumstance we 
may perhaps trace their comparatively recent discovery. 

It is not our business at the present time to ezamme die 
peculiarities and varied appearances of the planetary bodies, 
but the following table may be useful to the reader, as givinff 
the most important particulars in relation to then orbits and 
dimeoMiims : the 'planets are placed in the order of thMT 
prozimity to the sun. 



lUa^tmm 


MwndMKBoe 
fran the ma, or 

■cmi-uu. 


Mmb SUeraal period 


i>C 111.464. 


Mercury . 


0.3370981 


67.9602560 


0.998 


Venus . . . 


0.7233316 


224.7007869 


0.975 


Earth . . . 


1.0000000 


365.2563612 


1.000 


Mars . . . 


1.5236923 


686.9796458 


0.617 


Vesta . . . 


2.3678700 


1325.7431000 




Juno . . . 


2.6690090 


1592.6608000 




Geres . . . 


2.7672450 


1681.3931000 




PaUas . . . 


2.7728860 


1686.5388000 . 




Jupiter . . . 


6.2027760 


4332.5848212 


10.860 


Saturn . . . 


0.5387861 


10759.2198174 


0.987 


Uranus . . . 


19.1823900 


30686.8208296 


4.332 



Instruments catted onreries are sometimes introduced in 
pniblic lectures, to explain the order, size, and relative poa&t 
tions of the plaoetaiy bodiss, or, as we might more properly 
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■tato, ta aoniM the atidimieob ThM 
possibly attract the attention of ehildien, and asritt them & 
remembering the order and names of the bodies composiog 
the soUr system, bat they are utterly useless in any other 
xeipect, except in inducing the presence of those peraons 
who seek to gratify the eye. Many of them, however, wn 
constructed in a very ingenious manner, and are interestiag 
as exhibitions of mechanical skill The term by which they 
are known appears to haye been derived from the ciremiip 
stance, that tne first instrument of the sort waa constructed 
for the Earl of Orrery, to whom the manufacturer, Mr. Row- 
ley, paid the undesirable compUment of affixing his name to 
a paltry philosophical toy. 

The peculiar orbits in which the planets move can ecsieely 
fail to attract the attention of the student. Att the plaaetf 




Planetary Oibits. 

revolve in orbits nearly circular, that is to say, in nearly con- 
centric circles. The greatest and least distances of the earth 
from the sun are in the proportion of twelve to thirteen, those 
(tf Mars as five to six, and the other planeta revolve in petiw 
D2 
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tliit 4iff«r more or \em from. an siact circle; baft slin in 
. corves neerly circular. Now theae bodiea might have been 
made to revolve in ovals of larger or smaller 4c|^[ree, or in 
exact circles. They have, however, been placed m soch^ 
sitioDS, and compelled to take such paths, as mnst prevent 
• them 6om interfering with ea^h other's motions, eidier by 
^p00iti.ve contact, or by the powerful disturbing force they 
might have exerted upon each other. There are, therefore, 
prooft, in the very arrangement of the solar system, of d»- 
nigo, and strong evidence of a foreknowing mind. 

It may also be observed, that the present arrai^gement of 
' lb* members of the solar system, as far as investigation- has 
carried us, is the Only one by which the stability ofthe whole 
can be secured. But, in contemplating the stability, of the 
. iysteoL, it most be home in mincL that the planets exert an 
attractive power on each other, though they are all under Uie 
still more powerful influei^ce of the sun. The earth, for in 
stance, is retained in its orbit by the sun, but it is proportion^ 
ably affected by Mercury, Venus, Jupiter, and the other plan* ' 
eta, according to their masses and distances. But all tneso 
bodies are constantly changing their positions in relation to 
the earth and to each other, and upon the discovery of this 
foct we are naturally led to inquire what vriU be the ultimata 
result of these combined attractions. The question is not 
whether they will produce an immediate effect injurious to 
the stability of the system, but whether th^ will not do flO 
in ages to come. In a single revolution their influence must 
be small, for the combined attraction of all the planets, by 
which the disturbances are produced, is insignificant when 
compared with the force of me sun. But if tiiese slight in- 
fluences continue to act upon the body, revolution after rev- 
olution, they may, in process of time, remove the planet from 
its present orbit. 

To give an individuality to the inquiry, it maybe asked, if 
it be not possible that the attractions of the planets may, in 
process of time, draw the earth from its orbit, and thus pro- 
auce all the evils which would result from a chuige of sear 
son 1 or is it not possible that it may be brouffht so near to 
•■other body as to interfere with equable motion, or pvodw* 
Ji second deluge! There are perturbations, and if uiey can 
be earned on without limit, there is no possibiUty of calcnl*^ 
tingt <» ^▼^a oi imagining, Uie wze^btd candition to wiui* 
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1b0 MrtihKid hsr lister jptoMts iteXlM iediM«A by Uteir kAf> 

cofttmned ind progrewif e sctioik 

- The eccentricity of Uie esrth has been decreaaing from tlw 
0«rKe«t tiiAM of setronomickl observation, and her aateUite, 
th^ moon, hie been moving more and mora lapidly from th« 
tiBM of tlHi firat itfconled eciipee. It knot irmHonal, then, to 
inquire where wfll these cfaeuigca end. What bnt dealniot 
tion can result from these innorationa on the beaatT» hanno* 
lotj, and stability of the system 1 Bat the anthor of the incoiD- 
paraUe mechanism of the QBireree haa not left his work to 
disarrange and destroy itself. There is a limit to these 
ehanges in the v«ry constitution of systems. They may 
proceed for a time, bat the causes themselves moat cease to 
Itct, and ^e bodies that are for a while disaxranged wttl be 
brought again to their first condition. It may be readily ubip 
gined tlMLt it ia not eaay to estimate die amount of these per- 
torbations, or the time when they will be corrected ; for it 
tAwst be remembersd that every fre^ position that is taken 
by the distarbing bodies, will cause an alteration in the mfh 
tion of the body acted upon. But Lagrange and Laplace 
have proved that these perturbations cannot exceed a certain 
limit, which will never affect the stability of the aystem. 
The effect produced upon a planet by the attraction of minflV 
bodies, is only periodical ; the oauses prodnee a maximum 
Yiasnlt, and then cease to act ; so that the disturbed body is 
-brought again into the orbit from which it had wandered, 
without deraangin^ the order of the system. 

Nothing can give us a mene e levat ed notion of tho wise 
ttpramgements of the Supreme, than suoh considerations m 
^ese. If these bodies had been projected with either greater 
or less velocity than was originaUy given to them, the^ womM 
hav« moved in orbits of greater or less eeeentricitles, aad 
then the stability of the entire system would have <fa^en da* 
stroyed, and. an element of destruction have beeniBtiDdueed. 
No other arrangement, as far as we can judge, woold lave 
produced the desired effect, or enetmd the combinatioA fron 
destmctioii. 

THB FOJtCI OF GBAVIT7. \ 

We have nmd« some allusioii to a force Which we have 
called the force of gravity, and we should not mve eveik e 
ilntch of the wkituma of the earthi aadttoecaiiditian onder 
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^wbkh the^ aie nipportod, if 0O1&6 alKinoii were not made to 
its infloonce upon matter in geneiai, and iipon the celestial 
bodies in particular, it is l^ Tirtne of this force that un- 
supported bodies near the earth lidl downward ; that they 
exert a pressure on the surface on which thejr rest ; that the 
planets revoWe round the sun ; and the satellites round their 
.primaries ; it is, in fact, the cause of nearly all the phenom- 
ena of motion which we observe around us. The origin of 
this force we cannot determine ; but the circumstances under 
which it acts, and the laws by which it is goyemed, aie per- 
fectly understood. 

It is a law of grayitation that bodies attract each other 
according to their masses. Thus, if two bodies exist in 
space beyond the influence of aU other matter^ one having a 
mass twice as great as the other, they will. exert a muraal 
attraction ; but while the larger approaches through a space 
equal to one, the less will move through a space equal to two. 
If the greater be doubled, then the less will feel the force of 
its increased attraction, and advance through a space equal to 
four, while the laiger advances one. There is no difficulty in 
understanding! this law ; for as ali bodies attract each other ac- 
cording to their masses, then every particle in the universe at- 
tracts every other particle. This law accounts for tiie faXi of 
bodies to the surface of the earth, and it is only the existence 
of this force of gravity that causes them to do so. Matter 
is in itself perfectly passive and inert ; and when we perceive 
it to be in a condition of rest or motion, we may be certain 
that it is produced by some external force. It will therefore 
follow that, mdependently of the force of gravit^r, there is no 
reason whjr a boKiy should fall downward, but it should rather 
take the direction in which it is thrown. But as different 
bodies fall to the earth in different times, it may perhaps be 
difficult to identify the law to which we have alluded. The 
entire attractive force of the earth is exerted upon the indi- 
vidual atom of every body, and consequently they ov|[ht, 
whether large or small, to fall in equal times. This diffi- 
culty, however, is removed by the consideration that the air 
acts upon the surface of bodies ; and in bodies of equal weight, 
but of different volumes, that vtrill fall first which presenfti 
the least resistance to the air. A stone and a feather would 
fall from a height in equal times in a vacuum ; but when ex- 
posed to the retarding influence of the air, the stone ialla 
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<ilnt ; -Botbecftiiie it is more wmeiSnWf fttttaoted bj the •arlhi 
ibr the Mine force is exerted upon its particles as upon those 
.of a feather, but because it is less resisted io its progress by 
-the action of air. 

This attractiTe force between two bodies yaries ioTersely 
•8 the square of their distance, or, in other words, the attrac- 
tion decreases as the square of the distance increases. Su|h 
|KMe a body to be attracted by another with a force equal to 
one, at a distance represented by one ; at the distance of 
•1^0 the ibice will only be one fourth ; at three, one ninth ; 
•and at four, one sixteenth. 

With a Imowledge of these two laws there will be no dif« 
•ficnlty in accounting for the fall of bodies, whether they are 
'rained into the air, and abandoned without force, or whether 
they are dropped into a mine or well from the surface of the 
^eaith. To detemune the direction of ffravity, it is only ne- 
ceseary to aseertain the line in which bodies fall. The di- 
Trection of a thread suspended by one end, and having a heavy 
•ball attached to the other, will give the direction of jmvitv ; 
for into whatever line it is drawn, it can only result uom the 
«ction of the force of gravitation ; and hence we determine 
.-that the tendency of the power we call terrestrial gravity is 
4o draw all bodies towards the centre of the earth, or, in other 
words, its direction is in a perpendicular to the siuface of stiU 
jHrater. 

CVRVILIirSAB MOTION. 

But if a body be cast obliquely into the air, this tendency 
le greatly modified ; and almough it will be brought to the 
earth, yet it is deflected from its rectilioear path, and moves 
in a curve, and is not directed towards the centre of the earth, 
.and consequently it would not even reach the centre, but con- 
4iiitie to revolve around it. But why did the stone move in a 
^ane ? why did it not take a rectilinear path to the point 
towards which it was thrown ; and when that force was de- 
MtweAt why did it not fall in a perpendicular line to the 
'earth 1 Bodies are made to move m curves when one of the 
•forces by which they are influenced ia an accelwating foroe ; 
that is, when it causes a body to move faster and faster by 
its continiied action. A certain projecting force is in^ressed 
iipon a atone when it leaves the liand or the sling ; and it 
moves with a velocity pzoportioMl to the force uatU the 
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power is expended, and then it begins to fall. Bnt gnmtf is 
a force that acts continually upon a body, not only at &e mo- 
ment it be^ns to fall, but erei^ instant during its fidl, so that, 
in calculatrag the time required to bring a body from any 
height to the surface of the earth, an estimate must be made 
of its constantly increasing velocity. The force of graTity is 
therefore an accelerating force ; and when it acts upon bodies 
movinff obliquely to its line of direction, a curvilinear motion 
is proauced. 

Sir Isaac Newton chose the sUng as an illustration of his 
doctrine of the curvilinear motion of the planets. Now in this 
instrument, or toy, we observe that the stone placed in the 
bag of the sling makes an incessant efibrt to escape, but is 
restrained as long as the string is held in the hand. The 
string may represent the attraction of a central body, or, as 
it is technically expressed, the centripetal or centre-seeking 
force ; the stone is the revolving body, and the effort it makes 
to leave the string is called the centrifdgal or centre-flying 
force. But it is evident that some power is necessary before 
these forces can be developed, for tne string may be attached 
to the sling without producing motion ; some impulse must 
be impressed before the body will begin to revolve f this is 
done by a sudden effort of the hand, and that is called the 
projectile force. 

it is easy to apply these remarks on the sling to the mo* 
tion of the heavenly bodies, which is entirely dependant on the 
continued action of a centripetal and centrifugal force. 

Let the body A, representin|r the earth, be projected along 
the line AH, into space, and if it be acted on by no other 
force, it will move in that line for ever. But let S, the sun, 
begin to attract it with an adjusted force, at the same mo- 
ment that the projectile force is imjsressed, and it will re- 
volve in a curvilinear line, as ATW, instead of flying off h. 
the- line AH. Now, according to the power of the projec- 
tile force will be the curve in which the planet will move ; 
and hence it is that we perceive an evidence of desisn in the 
forms and arrangements of the orbits of these bodies. If 
either the centripetal or centrifugal force were to cease, the 
connexion between the members of the solar system would 
be immediately dissolved ; in one case they would be thrown 
abroad in space, and in the other they would rush towards 
the body of the sun, which they would leadi in loi^psr ot 
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•bofter timM, aeeording to their dittaacet. Tha foUowlag 
table will ihow the timai in wfaidi tlw planets .would fidl t» 

H 




the ann, prorided that the centrifugal force generated bj 

their remation were destroyed. 

Days. Hours. 
Hercnry would fall to the Sun m . 15 13 

Venus 39 17 

The Earth 64 10 

Mara 121 

Jupiter 290 

Satnm 798 

Creoniom Sidus .... 6406 
The Moon would fall to the Earth in 4 21 

TBI BILATITI MAGBnTUDBS AND DISTAMCBS OF TBI PLAWBTt. 

We have now ascertained that the earth is an oblate sphe* 
roid, having one roTolution on its azis» and another rotind the 
sun as the centre of the system to which it belongs ; and 
we have traced the eri^n of that wonderful combination of 
worlds, and have explained the action of the forces by which 
their motions are produced and their stability ensured. To 
give an idea of the relative magnitndes and distances of the 
planets, we cannot do better than quote a passage from Sir 
John HerachePs veiy elegant and masterly Treatise en As- 
tionomy. •* Chooee any well-levelled fi^ or bowling-gieent 
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mi it place a globe two feet in diameter ; this will, repre e ei i fe 
the eun ; MeTcmy will be repreeented 1^ a giain of mnitard-^ 
seed, on the ciicnmference of a circle of 164 feet in diame- 
ter for its orbit ; Venus a pea, on a circle 284 feet in diame- 
ter ; the Earth also a pea on, a circle of 430 feet ; Man 
a rather large pin's head, on a circle of 654 feet ; Juno, 
Ceres, Vesta, and Pallas, grains of sand, in orbits of from 
1,000 to 1,200 feet; Jupiter a moderately-sized orange, in a 
circle nearly half a mile across ; Saturn a small orange, on a 
circle of four fifths of a mile ; and Uranus a full sized cher- 
IT* or small plum, upon the circumference of a circle more 
than a mile and a naif in diameter. As to getting correct 
notions on this subject by drawing circles en paper, or, still 
worse, from tiiose very childish toys called oneries, it is out 
of the question. To imitate the motions of the planets in 
the above-mentioned orbits. Mercury must describe his own 
diameter in forty-one seconds ; Venus in four minutes and 
fourteen seconds ; the Earth in seven minutes ; Mars in four 
minutes forty-eight seconds ; Jupiter in two hours fifty-six 
minutes ; Saturn in three hours thirteen minutes ; and Ura- 
nus in two hours sixteen minutes." 

How Uttle does the world, which is our habitatioB, appear 
when compared with the system to which it belongs ; but 
how much more so when contrasted with the immensity of 
the universe. What a sublime si^t is presented 'to view 
when the bright hemisphere with its milUon worlds is un- 
veiled before us ; worlds that, for aught we know, may be as 
thickly inhabited as our -own. But all these aoe at a dis- 
tance too great to be measured, and yet possessing an inde- 
pendent light sufficiently intense to cast a glimmering ray 
Jm the earAh The astronomer says they are suns, and in 
probability the centres of systems as larffe and important 
as that of which the earth is a member. N» appearance in 
material existence can, periiaps, raise our conception of the 
wisdom and power of tho Soprame Mind so hi|^, as a view 
of the celestial sphere when presented to the si^t by the aid 
of art ; and the adoration tnat is excited can only be in- 
creased by a combined estimate of the mighty energy that 
supports all these systems, with the solicitude that is evinced 
in the provisions for animal existence, and the endless happi* 



8ach consideiations. as these are ad^itad to «very min4 
that poi86fses a power of raising itself in any degree above 
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the indaeoce of animal padfieatiaiia but tfaejr can b« fiiOy 
enjf^ed only by those who are aliTe to all the imptetsiona of 
beauty and aublimity that external appearances are calculated 
to produce. The man of intellect, too often harassed with 
the feTerish excitement of prolonged thought, or raised ta a 
state of hieh sensibility by me co& indifference or unmerited 
taunts of the world and of friend^ requires some such con* 
siderations as these to subdue his overwrought and senai* 
tive mind. With a consciousness of his superiority to the 
crowd who affect to despise his pursuits and to pity him, h# 
Is sometimes ready to persuade himself that he is a being of 
higher order than they. But when he feels in necessity the 
result of that peculiar character of mind which he knows to 
distinguish him from his feUow-men, he is ready to impre* 
cate a curse on the predominant principle that raises him in 
his own estimation. At such a moment the proud and dia* 
contented thought of the man is subdued by a remembrance 
of the condition in which he is placed ; the benetolent wis* 
dom that has set in order the laws of material existence ; th« 
immensitjr of the universe ; the littleness of the earth ; and 
the jxrovisions that have been made in it for the support .and 
h^ypiness of animated being, according to their wanta and 
cajMbilities of enjoyment. 

But althouflh the earth appears so trifling a thing when 
compared wi£ the system of the universe, it will not be un« 
interestmg to attempt an explanation of the many curiooi 
phenomena by which it is distingyished. Thii^ are great 
or small by comparison, for all our conceptions are relatit«< 
It is important that we should know something of the sya* 
tem with which the earth is connected, and something of th* 
universe of which it is a member. In the review of these, wtf 
are struck by their magnitude and sublimity ; and when we 
compare the earth with them, we are startled with the idea 
of its minuteness. But the mind which feels these impree* 
sions will not fail to be struck with the grandeur of a moun« 
tain scene, and the violence of the causes that poduced it ; 
the volcano will not ^>pe«r ^e less terrible, or the lu^tning 
the leas grand. Our mvestigatlon of the relation &t the 
earth bens to the universe may therefore, it is hoped, ratfact 
atimnlale than repress ear anxiety to Imow something more 
ef the globe on whkh we dwell, end the appearances It 

" '» we iM eanmnded* 

E 
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DAT AXD mean. 
The man who has acquainted himself with te etet«* 
ments which have been made in relation to the earth, as « 
member of the nnxrerse, and has been convinced of their 
truth, will hsTO no difficnlty in accounting for the phenoma- 
Bon of day and night. We have seen that the earth, in- 
stead of biemg, as we might from appearances ima^e, tho 
centre of a combination of bodies, is an almost insigmficant 
member of a small system ; and so far from being the world 
around which the whole universe revolves, it is a little plan- 
et, haying a rotation on its axis, as well as a revolution 
round the sun, the source of its li^t and heat. From these 
ftcts it follows, that at all times one half of the earth's sur- 
face must be illuminated by solar rays, and the other must 
be in a state of entire or partial darkness. When the sun is 
above the horison of sxty place, it is illuminated by the light 
which is roused into action by its presence. But the mere 
presence of the sun above the horizon would not be sufficient 
to spread over the exposed hemisphere the cheering influence 
of its beams. Were there no atmos^ere, or did that which 
•nvelops our planet possess no reflective and scattering pow- 
«rs, then an object placed at ever so small a distance fiom 
the direct beams of the sun would be shrouded in a midnight 
obseurity. But the dispersive influence of the atmosphere 
■catters the light in every direction, and the entire of one 
hemisphere is at once lighted by the sun. The origin of the 
inequality in the length of day and night will be evident 
when we speak of the seasons, which, although (hey essen- 
tially depend upon the celestial relations of the earth, will be 
more properly discussed when we speak of the phenomena 
tesultmg from the distribution of heat. 



CHAPTER 11. 

CXLSSTXAL APPKABAN0B8. 

AsnoNoirr has greatly aided the promss of civiliiation, 
and has proportionaUy benefited society, by explaining celes* 
tial i^ipearances. Without this information the human rae« 
mi^ still behold with terror many occasional phenomena, «t 
doubt the continuance of 4)o«e -motions and conditioiui i«l| 
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^Mttch we ire funUar, and Irf ezperienee imoir to he pro-% 
dsctire of benefit. The securit? of past ages against inraijr 
from celestial appearances would not be snfficient, in alLin* 
ataacei, to quiet oar fears ; but, ignorant of the myaterikia 
motions we obeenre, thought might suggest new causes of 
terror, while the illiterate and superstitious would be con« 
stantlj exposed to the imposition of the crafty. 

Bj the knowledge that has been acquired, we are made 
conndent that we are in a state of being where natural phe- 
nomena are curbed and regulated by the very causes of mo- 
tion ; and if we had not the confidence of security arising from 
this knowledge, we could not be certain that the appearances 
we now behiud with delight, might not hereafter exert an in- 
fluence to our detriment or destruction ; and there could bo 
no reason vrfay we should not belieye that the seasons miohl 
be changed into a perpetual arctic winter, or a worse than 
tropical summer ; or that some wandering comet might not 
in its eccentric course destroy this fair world of ours. It 
would not be suiScient to say that such evils have not as yet 
occnrred, for that is not a pledge that they will not hereafter 
happen. We might therefore be justified in indulging tho 
most gloomy apprehensions of the future fate of the earth, if 
we were ignorant of the causes that regulate the celestial 
phenomena we occasionally or daily see, and be perplexed 
with the visionary theories of those who seem to have no 
other employ than seeking a temporaiy fame in the deception 
of others. 

By the expression " celestial appearances" we do not intend 
to include all those phenomena we behold in the heavens, 
bat those only which are consected with the conditions and 
motions of the celestial bodies. There are many phenomena 
which have their origin in the region of the clouds, such ae 
li^itning, and the aurora borealis ; to these we shall make no 
reference in this chapter, but introduce an e]q>lanatioD of 
diera when considering the causes from which they derive 
tiioir origin. The most striking celestial appeaiances, and 
ibMe to which allusion will be made in this place, are Cofl»* 
ets, NebttlsB, Eclipses, and the Phases of thd Moon. 

OOXXTS. 

Comets were long beheld vrith a feeling of s«iperstitic|ne 
MToasththaibingtriof e^iL Reasoning from a ss u med pri» 
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cipltf, men wera accuilomed to regtrd ihem not €«i^ ■• tfa* 
fBrenixmen, bat u the cause* of political conTiilsiona. All 
honum affiun were supposed to be under the control of 
colesUal influences, and it is not strange that comets were 




Tfao Comet of 181§. 

invested with an uncommon degree of malevolent power. 
There is strong historical evidence to prove that the art of 
astrology was practised among the eai^est nations, and that 
it had been widely distributed among successive generations. 
fiot only was it used in the temples and oracles of the Greeks 
and Romans, but also in Asi^rria, Babylonia, the Hindus, 
and in Egypt. In all these countries it was practised, and 
by universal consent acknowledged to be the most noble of 
all sciences. It was this that gave the priesthood so entive 
and enslaving an influence over the public mind, led to th» 
establishment of sanguinary superstitions, and was the origin 
of idolatry itself. 

It is not, perhaps, singular that the early nations, who are 
known to have paid great attention to celestisl phenomena, 
and especially to the relative motions of the heavenly bodies, 
should h.^^0 chosen them as the subjects of their art. Thft 
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IniliMiiee wfaich the apparent aolar motion ezivted upon Ihm 
•eaaons, and the lising of particular atars aa the forenmner 
•f periodfly might induce them to feel an eapecial interest in 
astronomical phenomena, and be a reason for the choice that 
was made of them aa emblems. But whatever inflaence these 
thoughts may haye had upon their minds, there can be no 
doubt that they were still more governed by a pervading and 
oniversal belief in astrology, or the inflaence of the stars upon 
the moral character, the intellectual powers, and the indiviaual 
fortunes of mankind. The cylinders found in the ruins of 
Bal^lon, Nineveh, and other ancient cities, might be men- 
tioned as proofs of this statement ; for they are generally ac* 
knowledged to be horoscopical devices employed by individu- 
als as signets, and only differing from the sead now employed 
in being of a cylindrical form, and containing the engraved 
fq>resentation of the planets at burth, instead of the deviet 
assigned by the College of Heralds. But we have only oc- 
casion to look at the works of the most ancient poets to find 
the high value that was attributed to the engravings of celes* 
ttal bMiies, for almost the only device used on the aimour 
and shields of warriors was a representation of celestial bod* 
ies or phenomena. We often read of the flaming star, by 
which 18 probably meant a comet, as having been employed ; 
Aj^iiUes bore on his shield the full-orbed moon, Onon, and 
the Pleiades ; and the shield of Tydeus was marked 

** With this proud argument ; a sable sky 
Burning with stars, and in the midst full-orbed 
A silver moon." 

It may also be mentioned, thit the designation of wamon 
and legislators as the sons of the gods was not received in 
its literal application, as if their descent could be traced from 
them ; but is another proof of the universal belief of astrology 
among the Ghceeks and Romans, and means nothing more 
than that they were bom under the influence of a certain 
•lur, for stars were invested with the attributes of divinity, 
liucan is explicit on this point where he says, ** How can we 
•oppose that MaeaM was the son of Venas, Minos of Jupiter, 
Ascalaphus of Mars, and Autolychus of Mercury 1 Ail of 
them were beloved by the gods ; but Venus beheld one, Jupi- 
ter another, and Mars another at their respective nativities ; for 
wfaich floevar presided at the time of birth was supposed to 
E3 
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Adopt the ehiMran, tnd fonn them* after hie own eiaulitiid« 
in body and mind. Thna Minoa waa a king, nnder Jiquter; 
^neaa waa beantafol, aa bom nnder Venna ; and Antolychoa 

• thief, from hia father Mercnry." 

Without extending our remaika upon the oniveraal belief 
in the inflaence of tne atare, wiiich obtained in the darker 
ages, it wiU be evident that the opinion mnat have been ex» 
oeedingly injurioae to all ignorant people, conforming itael^ 
aa it doea, to the indolent Iwbita of man, by aaanring him that 
all the circumatancea of hia life are fixed, indepen£nt of th# 
exertiona he may make. With auch a belief the puUie min4 
waa |»repared to expect some peraonal reault to attend erery 
eelestial appearance, and boOi cometa and eclipiea were 
▼iewed with terror, increased by the ignorance of the natvr* 
of the one, and the cause of the other. These feeling how* 
•▼er, are now removed, and we are in poeseaaion of mfinma* 
tion by which we can calculate the patha of the comet, 8b4 
Ibretel the appearance of ectipsea. 

• The physical constitution of cometa is little better known 
in the present day than in former timea, though the ancienia 
appear to have diiSsred in opinion aa to their character. The 
Peripatetics described them as meteors, while Aristotle, Phi* 
tareh, and others, class them among the planetaiy bodiee. 
** I cannot believe," says Seneca, ** that a comet ia a fire 
auddenly Idndled, but that it ought to be ranked among the 
eternal works of nature. A comet has its proper place, and 
is not easily removed from it ; it goes its course and ia not 
ei^ingaished, but moves from our view. But, you will say, 
if it were a wandering star, it would keep in the zodiac. Yet 
who can aet one boundaiy to all the atara 1 Who can confine 
the works of divinity to a narrow space 1 For each of thoa* 
bodies which you imagine to be the only ooee that havtt 
motion, have very diffimnt eirclea ; why, therefore, may thm 
not be aome that have peouliar motions of their own, by which 
they are caused to recede far from the rest 1** 

Newton discovered that comets are bodies moving in fixed 
eibits round the eun. As soon aa thia philoaopher had die* 
covered the laws of universal gravitation, he appUed them to 
the determination of the motion of comets ; for having prove4 
that, according to the conditiona of ^t force, a bod^ ought 
deacribe any conic aection about the aon, he conceived mat 
cometa, in their apparently irregokr motaona, xo^jiA he gtPhf 
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emed hf that principle. Hie comet of 1 680, tvhieh apmached 
the enn to within one sixth of its diameter, enabled him to 
test the troth of his conjecture ; and he proved that it moved 
in an elliptical orbit of so great eccentricity that it could not 
be distinguished from a parabola, having the sun as one of its 
foci ; and that, as in the case of the planets, the areas descrflNkd 
about the sun were pr^rtionaJ to the times ; a law discovt- 
ered by the iUnstrious Kepler. From this cakulation it b^ 
came evident that the comets were eoverned bv the same 
laws as the planetary bodies, and that the orbits of the former 
diffsred from those of the latter in the great elongation of 
their elliptical paths. 

Halley applied the principle discovered by Newten, and by 
ealcnlatmg tne elements of the comet which appeared in 168S, 
from its perihelion passage, identified it as the comet that ap- 
peared in 1&3I ana 1607, and predicted that it would agam 
appear in the year 1769. After this, Clairant, a French ae- 
tronomer, computed the influence that would be exerted upon 
it by the planets, and calculated that if it retained its period it 
would be delayed about 618 days, and that it would pass the 
perihelion about the middle of April, 1759 ; but it made its 
perihelion passage on the l2iAk of March, a time sufficiently 
near to prove the accuracy of the principle. This comet, call- 
ed after the celebrated astronomer Halley, who first calcu- 
lated its elements, will be visible in the year 1835, and its 
Tetnm to its perihelion has been calculated by Lubbock, 
Bamoiseau, ana Pontecoulant Lubbock supposes that it will 
be there on the thirteenth of October ; Damoiseaa, on the 
fourth of November ; and Pontecoulant makes its time to be 
on the seventh of that month. Its first recorded appearance 
was in 1305, and from this time it has been decreasing in 
brilliancy and in the length of its tail, which, however, was 
80^ in 1682, and consequently may be expected to present a 
Teiy splendid appearance when it next becomes visible, as it 
approaches comparatively near to the earth. 

The nature of comets, and the purposes they serve in the 
system to which they belong, are almost entirely uiJcnown. 
TSo probable explanation has yet been given of the character 
of tmtt train of luminous matter frequently appended to than, 
and very inappropriately termed the tail, since it frequently 
precedes the body itself. The tail is sometimes ot very eon- 
iidersUe length. Aristotle states that the tail <rf the comet 
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that appeared in 371 A. C, occupied a tiikd of dio Jbeiiii- 
tphere, or 60° ; that of 1580 is aaid to hare coyered an eztenf 
of more than 70° ; and that of 1618, 104°. But a tail is 
not a necessary i4>pendage to a comet, for some have been 
quite destitute, as were UMse of 1586 and 1763 ; but there 
are also some tbtt have several tails ; that of 1744 had no 
less than six, which, spreading out in the form of a fan, extend- 
ed over a space of nearly 30°. A veiy small condensed spot 
has been observed in the heads of some comets, but the fixed 
stars may be seen through the densest parts of many ; and 
from the circumstance that none of taem have exhibited 
phases, thoueh they undoubtedly shine by reflected light, we 
may gather that they have no claim to be considered as solid 
bodies, but have in all probability the condition of the ligbtest 
vapour. 

The appearances of several hundred comets have beea 
recorded, but in estimating their probable number it should be 
remembered that only the largest among them could have 
been observed previous to the discovery of the telescope ; and 
that many are not seen on account of their traversmg that 
part of the heavens which is above the horizon in the daytime, 
although it has sometimes hap{>ened that they have been suf- 
ficiently bright to be seen in spite of the solar beams, as were 
those which preceded the death of Cesar, and those which 
were observed in 1402 and in 1532. ,Yet scarcely ft year 
passes without an appearance of one or two comets, and it 
occasionally happens that two or three are visible at the same 
time. Accordmg to a calculation on the theory of probabil- 
ities, by Mrs. Somervillo, there may be no less than fourteen 
hundred comets that range within the earth's orbit ; and Her- 
schel being twenty times more distant, there may be no less 
than eleven millions two hundred thousand comets that come 
within the known extent of our system. This calculation was 
founded upon the circumstance that a hundred and forty com- 
ets appeared within the earth's orbit last century. 

The calculations that have been made to determine the di- 
mensions of comets prove that they are by far the largest 
bodies in our system. The greatest length of that which ap- 
peared in 1769 was sixteen million leagues; that of 181 1, 
thirty-six million ; while that of 1680 was not less than forty- 
one million leagues. 

The paUi of a comet is frequently deranged, and soawtiint 
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tpfttrelycliaiiged, bj its proihiitty to the planets. Tliat which 
appeared in 1770, revolvinff in a moderate ellipse, in a period 
of about five yean, passed among the sateUites of Jupiter ; 
and was so affected by the planet itself, that it was thrown 
oat of its path, and afterward reToWed in a much larger or- 
bit. To the same cause we may often attribute the gradual 
disaipation o( the tail of a comet, and its retardation in its or- 
bit» Uiough, at other times, the latter effect may be attributed 
to the resistance it suffers in passing through a rare ethereal 
medium in the renons in which it moves. This cause has 
been acting upon Encke's comet, the velocity of which has 
been continually decreasinff, and with it consequently the 
aeatrifogal force ; so that the centripetal force increasing in 
power, the comet must ultimately fall into the body of the 
sun if it be not nreviously dissipated, a circumstance by no 
WMOls improbable, as it decreases in size at every revolution. 

NlBVLiB. 

There are appearances in tbe heavens called aebule, con- 
cerning which we may make* a few remarks, although they 
eome less within our objects of inquiry, as they are chiefly 
telescopic. These nebnls exhibit a variety of appearances, 
sometimes presenting themselves as globular clusters of stars. 




Nebula. 

and sometimes as di£bsed nebulosity. Many are, no doubt, 
ftars at so enormoos a distance from us that they can only 
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be distingoished hj the doubtful tight they throw aromid 
them. Others have been stippoied to consitt of tthoe|4io- 

hetrens. 



rescent matter, wliich either extends iteelf over the 
or is condensed around some star or dense matter. 
William Hersehel has delineated a yerj beautiful nebohnu 
appearance in Orion, which he observed with his huge tele- 
scope. Huygens, spe'akinz of the same nebulosity, says, 
** that its appearance had me same effect upon an obserrer 
as that which might be supposed to proceed from raising a 
curtain that hid from the observer an ocean of Hght, the waves 
of which were irregalarly illuminated." 

To the question, what is the ultimate designation of these 
nebulsB, we can only answer by conjectares. Sir William 
Hersehel thought he could trace a regular series of chanffes 
from a simple distribution of nebuloas matter to that of anmu- 
loas star, and some astronomers believe that a condensation of 
this matter is constantly going on, and that new worlds are 
daily in the process of formation. This is a splendid idea, 
and if the mind could at all adequately grasp it, would give an 
overwhelming conception of omnipotent skill ; but there ate 
some who have no higher ambition than to exclude God fron 
his works, and to invest with his dignity and sovereignty thai 
indefinable thing they are pleased to desiniate chance. It is 
not to be doubted that the great mind of Laplace was tainted 
with this unaccountable and unj>hilo80j»hical desire; baty 
however this might be, he has availed himself of the diseor* 
eries that were made by Sir William Hersehel for the inveiw 
tion of an hypothesis by which to account for the formation of 
the planets, and the sun itself, from a nebulous luminosity, 
which he is pleased to designate the primitive cause. La- 
place imagines a time when the sun, having a revolution on 
Its axis, was sttrrouhded by an atmosphere, which, on ae«. 
count of the excessive heat of the Inminaiy itself, was so di* 
lated that it extended beyond the orbits of the planets, the 
planets themselves having no existence. But in proportion 
as the temperature of the sun decreased, or, in other words, 
the solar atmosphere was condensed, the rotation ineieased, 
and the centrifugal force of the most distant portion of the 
atmosphere overcoming the centripetal force, that is, the at- 
traction of the sun, a nng of vaporous matter was separated* 
which, breaking into pieces, united together, and, formiqgaii 
independent mass, began to revolve areand the •ooreo of 
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U^it Ai the cooling went ott> other nmee would be thrown 
from the mass, and thai a series of Taporous planets be 
formed ; and he supposes that, as the detached masses of 
▼apour were coolea and condensedi they, like the smi itself* 
threw off a portion of their matter for the formation of rings 
or satellites. B^ this singular hypothesis, which is built on 
no other foundation than a conjecture as to the ultimate des- 
tination of the now existing nebulous matter, the French 
philosopher accounts for the formation of the solar system. 
We cannot, however, conceive how the reception of such % 
theory can at all advance his object, or prove that the primi- 
tive cause of material existence was a fortuitous combination 
cf atoms ; for, admittinff the truth of his hypothesis, it mav 
■till be asked whence the atoms, and the properties by which 
Uiey wen distinguiahed. 

PHASKS OW THS MOON. 

The phases of the moon may also be mentioned as celestial 
appearances worthy of attention, and come more immediately 
onder oar consideration than those just mentioned as being 
constantly visible to the naked eye. The moon is not inhe- 
rentlv luminous like the sun, but becomes visible by reflect* 
mg me solar beams. If the moon's surface were smooth and 
pmished, an a|^pearance very different from that now exhib- 
ited would be observed ; for it would not then reflect li^ht in 
•very direction, but at certain periods an intensely bnlliant 
imtge of the son would be seen. The moon is a rough and 
opaque body, and, like the primary planets, reflects a portion 
01 the rays that are thrown upon its illuminated surface, that 
is, the hemisphere nearest to the sun. 

The surfiice of the moon, as a telescopic object, presents 
% most interesting appearance, bemg diversified with moun- 
tains, valleys, and plams, having apparently all the varieties 
of distribution that are known to exist on ttie surface of the 
earth. Some of the mountains form elevated continuous 
ridges ; others are insulated and conical, having the precise 
form of the terrestrial volcano. It may appear a bold statement 
tint ti^ere are lunar volcanoes in different stages, but those 
who have an opportunity of observing the moon's disk, with 
a toleiably gocd telescc^, for a few months, may easily con- 
vince themselves of the truth of the assertion. 

Bnt the inhabitants of the earth can only see that part of 
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the moon'a body which is turned towards the earth, and eon* 
•equentij she presents different appearances according to tlift 




Telescopic Appearance of the Moon. 



position of the illmninated disk in relation to the e^rth. It 
will be readily perceived, that when the moon is between th« 
earth and the son, she must be invisible to us, since her dark 
surface is the nearer ; but when, by her revolution, the earth 
comes between the sun and herself, then her illuminated disk 
is presented to us, and she is said to be at her fiilL Between 
these two positions, different portions of the illuminated aur- 
face are seen upon the earth, and these are her phases. 

A complete revolution, that is, from new moon to new 
moon, is called a lunar month ; but this period is not equable, 
as it would be if the sun itself had no apparent motion ; but 
as it has an apparent, thoagh slower motion, in the same di- 
rection as the moon herself, a longer time will be required in 
order that she may again be brought into conjunction with 
the lUD. 
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Let U8 take E as representiog the earth, and aied, &c., at 
the mooD in different parts of her orbit, and S as the son at 
its real distance, the sun's rajs falling in parallel lines upon 
erery part of the motm's orbit. Now, in frfiaterer part of 
the orbit the moon may be situated, there is always one eiK 
lightened and one dark hemisphere. When in the position 
0, that is, when in conionction with the son, the dark part it 
turned towasds the earth ; when she comes to g, half the dark 

and half the hrleht hemisphere are presented, and the sain* 
happens when she is situated at c; but when she is situated 
at e, the whole of the bright surface is presented to the earthy 
«nd there is a full moon. When the moon is situated at h 
and A, less than half the bright sur^e will be presented ; 
when at d and/, more. 

The orbit of the moon, like that of the planets, is an cH^mo, 
hut consideraUy more eccentric, and its plane does not coin- 
cide with that of the ecliptic, but is inclined to it at an an- 
gle of 6^ 8' 48'', which is called the inclination of the hmar 
orbit, and the two points where the moon's orbit intersects 
the ecliptic are called the mo<m*s nodes ; that in ^R^iich the 
moo^ passes from the southern side of the ecl^tic to the 
northern is called the ascending node ; and the other, the 
descending. This fact will assist us in explaining the cir- 
enmstances imder which solar and hmar ecEpees are pro- 
duced. 

F 
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An ectipse is tha interception of the liglit of one of the la 
minuies by the interposition of an opaque body ; and, in n- 
ipect to their objects, th^ are characterized ae the eclipeeof 
the snn, and the eeli^we of the moon. In regard to the cii- 
cnmstance, it may be total, partial, or annular, the last epi- 
thet being given to that in which the whole of the body » 
darkened except a narrow rim of the exterior or edge ; or, ia 
other words, when an annular eclipse occurs, a fringe ofl^ 
is exposed round the edge of the shadowed luminary. 

An eclipse of the moon is occasioned by^ the interrentiw 
of 'the body of the earth directly between herself and 'the saa, 
thus intercepting the sun's rays ; or it may be otherwiiffe M- 
scribed as resulting from the passage of the moon thiovgh 
the shadow of the earth. But at the same moment that «e 
observe an eclipse of the moon, the lunarians, if indeed 00 
moon be inhabited, must behold a solar eclipse. 

Let AB represent the sun, and C D the earth ; that hmh 




vptxeire opposed to the sun's body will be illuminated by iit 
and the otner will be dark ; so that if we prolong ti^e lines A 
and B D until they meet, it will be the space within which 
the shadow of the earth extends, and any body, as the moout 
M, entering it, will see no part of the sun's disk ; th^ shadow 
is called the umbra. There is a space beyond the umbra, in 
which a spectator being placed would s^e only a portioo of 
the sun's disk, the other part being intercepted by the body 
of the earth, and this is called the penumbra. 

In a lunar eclipse, the body of the moon is seen to enter 
the penumbra first, for she is less and less distinctly seen un- 
til she at Uist enters the real shadow of the earth, ooe part 
after another disappearing ; and when she has passed through 
tibe shadow, she comes progressively into view j at first as 
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though ramnmded bj a haze, until, having passed tlie limits 
of the penumbia, she regains her accustomed brightness. 
The cone of the earth's nmbra extends bejpond the orbit of 
the moon, so that, if she be in her node at the time when 
she comes into conjunction with the eaxth and the 8un» tkm 
must pass through the umbra of the earth, and a total eclipse 
will be observed ; but the eclipse may also be total if she 
be only a short distance from her node, or, to express the 
iact more definitely, if the moon's latitude be e^iial to the ap- 
parent semi-diameter of the earth's shadow, mmus die semi* 
diameter of the moon's disk. All lunar eclipses are univeiw 
sal, that is to say, they are visible at all those parts of &e 
earth where the moon is above the horizon, and present the 
■•me appearance as to magnitude and duration. It may also 
be observed &at the eastern side of the moon first immeiget 
into, and emer^s from, the shadow, for the motion of the 
moon being swifter than that of the earth's shadow, she ap- 
proaches it, and) having passed throagh, leaves the shadow 
to the westward. 

An eclipse of the sun is occasioned by the interposition of 
the body of the moon between the earth and the sun, and 
consequently can only occur at the time of the new moon. 

Let A B represent the sun, M the moon, and C D the 
earth. Now if the shadow or umbra of the moon extend so 




fi 

&r as to cover a portion of the earth's surface, an oidividual 
situated thereon would observe a solar eclipse. An eclipse 
of the sun differs in many particulars from an eclipse of the 
moon ; it does not present the same appearance on all parts 
of the earth where it is seen, for in one it may be total, in 
another partial, and in a third annular ; nor can an eclipse of 
the sun happen at all the places where the sun is visible, as 
the penumbra cannot, under any circumstances, cover a hem- 
isphere ; it is not seen in all places at the same time, and it 
always commences on the western side. 
The object of this sketch prevents us from entering into 
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1117 fiurth«r puticulan nlatiiig toecKpt^ and eoeeialhr into 
•ay details of a praetical cEaractor. The reaaer wiU not, 
)M>weyer, it is hoped, be satisfied with this outline, as he may 
eaaily aeqnamt himself with the method by which these phe* 
nomena are predicted ; and will find more satisfaction in de- 
termininff the time when an wpearance of this kind wUl be 
•een, and will acquire more information by doing so, than ha 
could obtain from such details as are suited to the character 
and objects of this yoluma 

This phenomenon is one of great importance to us, and 
mast also be so to the inhabitants of the moon, if that planet 
be inhabited by beings of similar capabilities and wants as 
CQrselyee. By a lunar eclipse, the opinion that the earth is 
« spherical body is confirmed, for the shadow of the earth 
ii|Km the lunar disk is alwaya bounded by an arc of a nearly 
circular cunre. Now this could not be the case if the shadow 
were not conical, and the shadow could not be conical if the 
earth were not sphericaL It may also be deduced firom the 
same phenomenon, that the sun is larger than the earth, and 
that the earth is larger than the moon ; for if the sun were 
not larger than the earth, the shadow could not converge, or 
end in a point ; and if the earth were not larger than the 
moon, the latter could neyer be totally eclipsed ; but the 
earth's shadow envelops it at the distance of the lunar oibit 
Bv eclipses, and especially those of the moon, the longitude 
or places may be determined, the latter being peculiarly adapt- 
ed for the solution of this problem, because the appearance 
is the saiyie in all places where it is yisible. 

It must not, however, be forgotten, that the calculation of 
the periods when eclipses hare occurred has sometimes as- 
sisted m determininjg the time of historical events ; and thus 
astronomy has lent its aid to literature. It is stated by Thu* 
cydides, that a solar eclipse was observed at Athens m the 
i^moon of a summer's day, in the first year of the Pelopon- 
nesian war ; and it was so nearly total that the stars made 
their appearance. By calculation, it is found that this hap- 
pened at about six o'clock in the evening, on the third of 
August, in the year 431 before Christ. When it is remem- 
bered that all our divisions of time are founded upon the mo- 
tions of the heavenly bodies, and the phenomena which are 
thus produced, it will not appear singular that the record of 
«clqpaes ahonld often assist the chronologist in the detenm- 
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nation of dates. The patiit, periods, and iiregulaiities of the 
moon and the earth heing known, it is not a very difficult task 
to detennine the times when eclipses have occarred. An iiv* 
dustrious and perseyering man mifl^t easily cempnte the 
times when the snn or the moon has been eclipeed,as well as 
the time when they will be ; and he may Ans frequently as- 
certain the dates of remarkai>le, political, or national events. 
The attention of men has ever been directed to a consideration 
of the appearances exhibited in the heavens, and they jeem 
to have been always conscious that no terrestrial phenomenon 
could be employed to measure the lapse of time. TheM 
two circumstances may {urobably account for the fireqnent al- 
lusion to astronomical occurrences in the works of the ancient 
historians and poets. 

There are other celestial appearances, besides those which 
have been described, that are occasionally seen from the 
earth ; but those that have been mentioned are the most re- 
markable. It is seldom that men taJce an enlarged view of 
the influence of scientific knowledge upon the nunds of indi- 
viduals. They speak of it as calculated to raise the intel- 
lectual standard, to free the individual from the dominant 
control of superptition or fear, and to give him great capa- 
cities of generalization. But the advantages of knowleoffe 
can be appreciated only when we can penectly realize the 
condition of a society in which it had never been acqnind, 
and upon which it had exerted no influence by the mediom 
of others ; if, indeed, a society could exist under such condi- 
tions. Compare the feelinn which an individual of that eom- 
munity would experience during 'a solar eclipse with those 
which would be indulged by One who, though he could not 
account for it, had made himiself acquainted with laws which 
eovem some of the most remarlnble celestial phenomena. 
The one would suffer an uncontrolled fear by an appearance 
that he must have heard of by tradition, or perhaps may have 
himself beheld ; the other; nnder full conviction of the pro- 
priety of the causes with which he is acquainted, would be 
induced to seek some information concerning the origin of 
this newly-exhibited effect, and would be ashamed to enter- 
tain, and much more to e3n>ress, a fear, until he Imew it to be 
%i8ti&ed by the cause. Our object, however, in describing 
ike celestial relations of the earth, and the astronomical phe- 
leeenupon th« soxiaee, has been to give the reader as 
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comprehenaive a view at possible of the poeitbn of ihe earth 
in the oiUTene, and the means by which it is iretained in it» 
position, feeling certam that the personal advantages, to 
which we have occasionally alluded, will be enjoyed by eteij 
raccessful inquirer. 



CHAPTER m. 

TBS ATKOSPJUEK Ain> ITS PHKNOmNA. 

Tbi earth is - surrounded by an immense aerial ocean, 
which is an important affent in supporting animal and vegetable 
life, and in sustaining the present condition of the phenomena 
around us. An atmosphere is not the necessary appendage 
of a world ; but we have evidence, both within and without 
tks, to prove that the earth is enveloped by a gaseous medium, 
and that it is of no small importance in the economy of ter- 
restrial conditions. Were we to select from the phenomena 
we occasionally behold a few that might prove the existence 
of an atmosphere round our planet, we might mention the re- 
sistance it offers to bodies in motion, the force with which at 
other times it propels them, and the colour it gives to the 
ethereal vault. 

PEOOrs OF THE EXISTENCE OF. ATHOSFREEE. 

Every -body in rapid motion is retarded by the atmosphere 
through which it moves. A ball, or any other substance, 
when once put into motion, would continue in that state for 
ever if there were no disturbing force. Matter h/ea no pre- 
disposition to rest, and the ancient philosophers described its 
habitude very incorrectly, when they compared it to an idle 
man capable of motion, but much attached to rest. Motion 
and rest are relative conditions ; and when a body is in one or 
the other, it is because of the forces that are acting upon it. 
Matter is in fact perfectly passive, and therefore matter once 
in motion would continue m motion for ever if tl^re were no < 
force tending to bring it to a state of rest. The resistance 
of the air is one of these. The pendulum, for instance, when 
put into motio% vibrates in obedience to the force of gzavitjr» 
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fOMi wonld ncfrer come to rest if its motioii wore not de- 
etrojed by friction and the lesistance of the air. 

The atinosphere itself is capable of motion ; and when ita 
equilibrium is disturbed, either locally or generaJly, it pro- 
duces by impact an effect upon all homes tmtt are in its path. 
It not only carries away in its progress the lighter substances 
with which it comes into contact, but, whep greatly agitated, 
aproots trees, crumbles rocks, and oyertums buildings. Man, 
who subdues and regulates sll natural agents by the exercise 
of thoee noble properties of mind with which Gk>d has blessed 
him, has applied air in motion as a mechanical force, and 
compels it to accomplish his wishes, not only in the alleri*- 
iion of his daily toil, but in facihtating the intercoorse be- 
tween the several sections of the human family; and as 
though these adaptations were not sufficient to prove the su- 
periority of mind over matter, it i» often made to minister to 
liiB pleasures, both of mind and of appetite. 

If it were necessary to mention any other phenomenon as 
proving the existence of an atmosphere, allusion might be 
made to its colour. The vault of neaven« when uncovered 
by the clouds which sometimes hang as draperies beneath it, 
has a beautiful azure or blue tinffe. This colour cannot of 
soorse belong to space, nor is it the result of the influence of 
those bodies which revolve in it, but is occasioned by the pas- 
sage of light through the atmosphere. When a small quan- 
tity is examined, the colour cannot be detected, because the 
portion of coloured light transmitted to the eye is too faint to 
give the sensation m colour ; and, for the same reason, a 
bottle of sea water has a clear transparent ^peaiance, though 
the deep sea from which it was taken may have a rich green 
colour. By such facts as these we are made acquainted with 
the existence of an atmosphere surrounding the earth, and 
extending to a considerable height above its surface. 

The atmosphere is highly important as being the cause of 
many phenomena we behold, in modifying the influence of 
others, and in its essential character as the supporter of ani- 
mal and vegetable life. It has been ascertained by chymists 
that no othnr combination of the gases with which we are 
acquainted would serve the same purpose as that which has 
been employed, but would be either instantaneously or pn>> 
gresaively destmctive of life. The atnios{^ere is also the 
conductor of sound, gives buoyancy to the clouds, and < 
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bititiei of flight to winded animals. If man were Me to ez- 
iat without an atmosphere, he would exist without a knowl- 
edge of pleasure, and the expenditure of muscular strength 
would be BO much increased as greatly to augment the burden 
of the curse under which he labouis. 

COMPOSITION OF AIR. 

The body of gaseous matter by which the earth is sur- 
iDunded is composed of two elastic fluids, called oxygen and 
nitrogen, in the proportions of one part of the former to four 
of the latter. But the atmosphere contains other substances, 
which must be rather considered as impurities than as abso- 
lutely necessary for its composition, and these are conse- 
quently in Tariable proportions. Carbonic acid gas is a prin- 
ciple commonlr found in atmospheric air ; Saussure found it 
in that which he brought from the top of Mont Blanc ; and 
Humboldt, in that from near the summit of the Andes. It is 
however now certain that the proportion of carbonic acid in 
air not only varies in different places, but also at different 
seasons of the year ; and it is possible that it may be some- 
times absent, as the companions of La Perouse failed to de- 
tect its presence on the top of the peak of Teneriffe. 

A most interesting series of experiments has been made by 
M. Saussure the younger, at Chambeisy, near Geneva, from 
which it appears that meteorological changes and seasons 
have a tendency to alter the proportions of carbonic acid in 
the air. A long-continued froet increases, and a thaw de- 
creases, the proportion ; heavy rains were also found to di- 
minish its quantity, probably by dissolving it ; and on the 
same principle we may account for the circumstance, that 
there was less of this gas in the air over the Lake of Grencvs 
than at Chambeisy. The philosopher ascertained that there 
is more in the three winter than in the three summer months, 
and at night than m the day ; and he estimates the average 
proportion of carbonic acid at 4.15 volumes in 10,000 of at- 
mospheric air. 

Aqueous vapour is also present in the atmosphere in vari- 
able quantities between one and one and a half per cent. ; 
and many gaseous bodies may be detected ; for all the sub- •• 
stances that can become aerial fluids at common tempera- 
tures must be occasionally found. But these are locally 6n» 
tributed, as well as variable in amount. 
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Hm two essential component prine^les of stmoepherie 9k 
are extremely different in their |iroperties, and yet both are 
necessaiy in the economy of nature. The oxysen gas ii the 
supporter of combustion, and is required for the sustenance 
of animal life, while on the other hand nitrogen is destructiTe 
to both. If a Ugfated taper be placed in a receiver inverted 
over water, it wiU be in a short time extinguished ; and if the 
lemaining gas be examined, it will be found that the whole of 
tiie oxygen has been expended in the combustion. In the 
same manner an animal confined in such a situation that it 
can only breathe a certain amount of air, will soon abstract 
iH the oxygen, and will then die, being unable to breathe the 
nitrogen. ' This yn» the cause of the death of the miserable 
prisoners in the Black-hole of Calcutta ; and of the two men 
who, some years since, went down in a diving-bell, and by an 
accident were unprovided with a fresh supply of air. And 
yet oxygen alone would be very unfit for re^ptration, for Dr. 
Higgins has stated that the pulse of a young man that beat 
64 tmies in a minute was raised to 120, aifter he had inhaled 
oxygen gas for a short time. It would be equalty unfit as the 
supporter of combustion, for all combustible bodies are burnt 
in it with so great a r^idity, and with such an intensi^ of 
liffht, that it would be exceedingly unsuited as an atmosphere. 
*nie nitrogen seems to neutralize in part, or rather to modtff 
its effects, adapting combustion to our power of beholding it, 
andpreventing a too violent circulation of the blood. 

The atmosphere supports life by giving out oxy^n and 
caloric to the blood. When the blood is brought mto the 
lungs it is of a dark purple colour, but it then throws off the 
hydrogen and carbon, and receives oxygen, which gives it a 
bright red colour. By every inspiration a man of average sise 
inhales from sixteen to twenty cubic inches of air. It was 
estimated by Allen and Pepys that 26.6 cubic inches of car- 
bonic acid are given off every minute by a healthy man, but 
this is perhaps somewhat more than the truth. A portion of 
the nitrogen that is received by the lungs appears to be ab- 
soibed, while the other and larger part is rejected and thrown 
back again into the atmosphere, in which it immediately rises, 
being ughter than air. But this uncombined nitrogen gas 
wouul ver^ soon accumulate, and prove detrimental to ani- 
mal life, if there were not some provision for its recom- 
bination. This provision has been made in the constitutional 
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•nraagemwits of th^ vegetable kingdom. The iq>per side* of 
the leaves of vegetables give out a laij^e portion of oxygen 
dunng the day, while they absorb the nitrogen. By this re- 
ciprocal action between animals and vegetables, the purity 
of the atmosphere is maintained, the oxygen given off by 
plants combining with the nitrogen expired by animals. 
^yhen .we consider the large amount of carbonic acid that is 
thrown into the atmosphere by animals, we. cannot but feel 
delighted with the provision for its decomposition by vege- 
tables ; and this fact, connected with that dready mentioned, 
gives as strong an evidence of the exquisite skill with which 
material agents have been arranged to subserve the wants of 
life in its various gradations, as any in the whole range of 
philosophy. 

There has been some difference of opinion as to the man- 
ner in which the gaseous principles of air are united together. 
Some philosophers have maintained that they are merely in a 
state of mixture, while others considered them to be chymi- 
cally united. It is a law in chymistry that bodies combine in 
de6nite proportions. Now it has been determined that the 
oxygen and nitrogen of atmospheric air are in the proportion 
of one volume of the former to four of the latter, and it was 
therefore very natural to suppose that they must be chymically 
combined.. But although the oxygen and nitrogen of atmo- 
spheric air are united together in proportions adapted to form 
a chymical compound, yet, from the experiments made by Mr. 
Dalton, it is probable that they are only mixed, or, in other 
words, that the particles of the one are diffused among those 
of the other. It is known that gases possess a principle 
that may be called a self-repulsive power, that is to say, par^ 
tides repel those of the same kind, though they have neither 
an attractive nor a repulsive influence over those of a distinct 
character. For this reason gases, when mixed togedier, do 
not arrange themselves like liquids, according to their specific 
gravities, but the particles of each kind are diffused through- 
oat the whole space that is occupied W the fluid. 1^ 
theory is supported by the results of M. Bulong's experi- 
ments, by which he has proved that the^ refractive power of 
the atmospheric air is precisely equal to the sum of the 
refractive powers of its elements. 

This constitution of the atmosphere is of the greatest im- 
pprtance, as adapting it to those purposes it wm iniraded to 
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fulfil. From the principle of saMous diffaeion it neeafltarilj 
follows, that at all habitable heights above the level of the 
sea, the air must have a nearly uniform compodtioo ; for 
though the oxygen and caibonic acid must have a decreasing 
ntio in ascending, yet, at the height of the highest mountains, 
tho alteration of the proportions would be little more than 
perceptible. If a portion of either gas be consumed in any 
place, the loss is now immediately made np ; but if the prin- 
ciple of diffusion did not exist, then the deficiency coula not 
be compensated, but the whole atmosphere miffht faie described 
as consisting of patches of different gases ; liere w« should 
have a patch of oxygen, and there one of nitrogen, while the 
intermediate space mi^t be divided into parts, ea^ of which 
would be occupied by the two in som^ new proportion, or in 
the order of their specific gravities, according to the force 
which might be brought into activity in place of the self- 
lepellent power. An atmosphere thus constituted would h% 
evidently unfit to support either animal or vegetable life 

PBOFKXTISB or TBM ATMOSFHSBS. TMAJXarAMMNOT. 

The general properties of the atmosphere are transparency, 
fluidity, elasticity, and expansibility. 

The surface of the earth is so richly adorned with things 
calculated to delight the eye, that we can hiirdhr avoid the 
conclusion, that its Maker had an intention of pleasing as 
well as of supporting his creatures. But all the display of 
beauty, so well adapted to cheer the spirits, to enliven the 
sensibilities, and to excite the adoration of man, would have 
been devised and formed in vam, if the atmosphere had not 
been a transparent fluid ; and yet we must aamit that the 
Creator might have provided an atmosphere which would 
support us, though of such a nature that we might wander 
about in gloom and despondency, or have viewed aH t)bjects 
dirough a medium calculated to present them to the eye in 
the most disgusting forms. And it there were no atmosphere, 
then the entire vault of heaven would be unilluminated, ex- 
cept that part in which the sun itself was situated, while the 
dim reflection from the illuminated portion of the earth coitM 
only increase the honor of the scene. 
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VLinOITT or THB ATMOUBIRB. 

Air it pottesMd of all the physical characters of Aaidt, tad 
diflbrs in no respect (torn them, either in its motion, or tho 
pressure it exerts upon bodies. Fluids press in all directions, 
and so does atmospheric air, upward as well as downward, 
and it is capable of supporting U^ht bodies, as well as liquids. 
We shall best illustrate the fluidity of Atmospheric air by an 
allusion to the theory of floating and sinking bodies. 

There are many substances which, under particular eireum* 
stances, do not apparently obey the attraction of gravitation, 
but act in a manner contrary to that which the laws of gnmty 
would lead us to expect Wood and cork float uj>on water, 
and iron upon mercury; smoke rises into the air instead of 
felling to tne ^und ; and the clouds float over our heads, 
without exhibitmg any tendency to fall The same phenom- 
ena are therefore observed in the atmosphere as on liquids, 
and they are suflicient to prove it a fluid. 

A body immersed in a fluid displaces a certain amount of 
that fluid. If we plunge a cube of metal in a vessel of water, 
the level of the water will be raised, and the difievMice be- 
tween the two levels will give the amount of fluid displaced. 
If a cube of marbU of equal sixe, which is not so hMvy as 
tba metal, be plunged in the same vessel, the fluid vrill rise 
to the same hei|^ aa in the former instance. From this 
simple experiment we leain that when a. body is dropped into 
water and sinks, it displaces a certain amount of water equal 
to its bulk, and that entirely independent of its wei^j^ 

But a bodx immersed in a fluid loses part of its wei|^ 
equal to the weight of the fluid displaced. It is weU known, 
that the weight of a bucket in a well is much less when in 
the watev than when in the air. And it is so, becanse it 
loaea a much greater part of ito weight in water ^an in. air ; 
ibr though tiiey are both fluids, yet the weight of an equal 
magnitude of the ioamBt is much greater than that of the lat- 
ter. For the same reason, men in a diving-^ell may lift with 
ease bodies at the bottom of rivera, whidk oa the swflice oC 
die earth they could scarcely move. A pleasing anecdote is 
connected with this subject. Hiero, kmg of Syvaonas, an* 
plied to Archimedes to inovr whether his crown was real^ 
composed of pure gold, or whether the workman to whom he 
had delivered a certain weight of that metal had debased it 
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with copper. The crown was fonnd to be of the nme 

weight M the gold that was delivered, bat the kinff*c mia- 
picions were not silenced. It happened that Arcnimedee 
observed, as he descended the steps of a bath, that the level 
of the water rose in proportion as his body was immersed. 
The facts we have stated, and their application to the royal 
question, immediately suggested themselves to his mind, and 
in the moment of joy he ran into the streets of the city, cry- 
ing, I have found it ! I have found it ! There is, perhaps, no 
period in the life of a philosopher so precious and ecstatic as 
that in which he makes a j^snd discovery ; the variety of ap- 
plications to which the principle may be applied, and the con- 
sciousness of the preservation of his name and exertions, rush 
through his mind, awakening every hope that he had indulged 
in the hours of retirement and complacency. Many had ob- 
served the fact which so excited Archimeaes, but none had 
perceived the principles dependant upon it, or the manner in 
which it could be applied. 

The theory of sinking and floating bodies is the immediate 
consequence of the two facts we have mentioned. If the 
weight of the fluid that is displaced be greater tbtn the 
weight of the body, it will float ; if less, it will sink ; and if 
they be equal, the body will remain in equilibrio. A piece 
of metal sinks in water, because its weight is always greater 
than that of the fltiid it displaces ; and a cork floats, l^cause 
it is less. So also bodies m the atmosphere, and in all other 
gases, lose part of their weight, equal to the weight of the 
▼olume of fluid they displace. It will be readily understood 
that these principles imbody the theoiy of balloons. 



The wish to navigate the atmosphere, and its practicabO- 
ity, seem to have been indulged by philosophers from a very 
early period in the history of science ; but no rational plan for 
the construction of a vessel was proposed until the year 1670» 
when Francis Lana, a Jesuit, revived the inquiry by the in- 
yention of an ingenious balloon. The great difllicQlty was to 
form a sailing vessel sufficiently light to float in the air, and 
at the same tmie to support its pressure. Lana propoeed to 
attach to a car four lar^ exhausted globes, which would ren- 
der the appaiattts so hght, that the aeronaot might be abto 
with s sail to navigato the lower stratnof the stmoephefv. 
G 
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In the 3rear 1676, CaTendish inrMtigated the properties ai 
hydrogen gas, the levity of which made it exceeoingly proba 




Lana'8 Balloon. 

ble that a thin snbstance filled with it would float in the air. 
Cavallo made some experiments in 1782, but apparently ffave 
np the subject in despair. In the same year Stephen and Jo- 
seph Montgolfier succeeded in constructing an apparatus 
which was hghter than the same bulk of atmospheric air, and 
consequently floated in it. After having made a number of 
experiments upon a small scale, they made public their dis- 
covery, and sent up a large balloon at Annonay on the 6th of 
June, 1788. It consisted of a large linen bag, lined with pa- 
per, 117 feet in circumference, and weighing 430 pounds. 
To the open end was ^tached a light wire basket, in which 
eombostible substances were placed and inflamed, the beat 
so rarefying the enclosed air as to render it lighter than an 
equal bulk of the atmosphere. The machine ascended, and 
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at this tune carried more than 400 pounds of ballasty rising in 
ten minuMs to the height of 6,000 feet. 

Interesting as these experiments were, but little was yet 
done that could be made senriceable for the putpose of aerial 
nariffation, as future experiments proved. The fire balloon, 
or Alontgolfier, as it is sometimes called, is very unfit to sup- 
port the aerial voyager, however the car itself may be fixed. 
Pilatre de Rozier and the Marquis d'Arlandes did however 
make the perilous attempt, and ascendin? from the castle 
La*>Muette, rose to the height of 9,000 yards, and descended 
in safety. Several persons at different times repeated the 
experiment, but many have lost their lives in the indulgence 
of their curiosity or pride. 

M- Charles, professor of natural philosophy in Paris, at last 
succeeded in making an air balloon. He provided himself 
with a bag of lustriog, twelve feet in diameter, and coating 
it with • varnish of gum elastic, filled it with hydrogen gas. 
The apparatus weighed about twenty-five pounds, and, when 
set at liberty, rose to the height of 3,123 feet in two minutes. 

The next improvement in the construction of balloons was 
Blanchard's inventon of au apparatus called the parachute, by 
which the aeronaut can, when required, regulate the velocity 
of his fall. M. Gamerm improved this apparatus, and thus 
greatly diminished the amount of danger arising from aerial 
excursions. 

Among the aeronauts of our own country and time, Mr. 
Green is the most celebrated; but it may be doubted 
whether our capability of navigating the atmosphere will ever 
be found of any extensive service to man. The want of a 
method by which to control the direction of a balloon renders 
it at present worthless as a conveyance. The swiftness of 
its flight is a useless property to man, because it is the ser- 
vant of the winds, and we have no power to stem the evrrents 
by which it is driven. Instances may occur in which it may 
be applied when the direction of the wind is favourable, but 
the opposing atmoapherie currents, and their liability to 
change, give a doubtful character to every attempt. The re- 
sult of Major Money's ascent proves the uncertainty of aerial 
advantages. This gentleman ascended from Norwich, the 
wind blowing at the time in such a direction as led him to 
suppose that he might fiill in the neighbourhood of Ipswich. 
But he had scarcely attained the altitude of one mile before 
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he encoantend a Tiolent cnnrent, blowingin inewdireetioii, 
w^dek carried him towards Yarmouth. Tho haUoon fell n 




The Parachute. 



the aea about nine miles from land ; the major supported him- 
self for some time on the surface of the water by holding 
firmly upon the balloon, and he was at last relieved from his 
dangerous situation by a cutter that was cruising on tho coast 
This is net the only instance in which the aeronaut has been 
deceived by a change in the direction of the wind, and the ex- 
istence of a superior current having a diflforent course from 
that passing ever the surfiKe of the earth. 
\ These general remarks on the causes of floating and sink* 
fng, as illustrated bv the history of aeronautics, prove the 
fluidity of the air. dut if a balloon had never been construct- 
ed, and man had never been poised between the earth and the 
ethereal vault, there would be no difficulty in proving the 
iact Light bodies are eonveyed from place to place upon 
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the aerial wi^s, the dotids float over them at all altitudes, 
and the feathered tribe rise and descend in the Tast ocean, 




as fishes do in the water, having physical arrangements of 
anatomy and constitution as beautifnlly adapted to the fluid in 
which their movements are to be performed, as those which 
characterize the finny tribes. 

ELASTICITT OF AIB. 

Elasticity is another property of atmospheric air, and in this 
statement it is assumed that it has compressibility, a property 
which it is well known to possess. Previous to Mr. Per- 
kins's experiments, air had not been made to occupy a space 
less than the one hundred and twenty-eighth part of its or* 
dinary volume on the surface of the earth ; but this gentle- 
(nan, by means of an apparatus invented for the purpose, suc- 
ceeded in reducing it to a much less bulk, and slates that he 
at last compelled it to assume a liquid state. The latter as* 
aertion, however, has generally been objected to, as his ex- 
periments are by no n^eans satisfactory. It does not neces- 
sarily follow that a body possessed of compressibility should 
likewise be elastic, for some bodies, when compelled by pres- 
sure to occupy ^ less space than they do under ordinary city 
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cumaUnces, reUin thtt yolume. But air M one of tboM 
bodies that have both these properties. If we take a syringo, 
closed at the end which is usually open» the piston may be 
driven down to a considerable distance by the exertion of a 
little force. The air, therefore, in the tube or syringe suffiBirs 
compression ; but as soon as the pressure on the piston is 
remoTed, the air recovers its fonner Tolumo,«Bd the piston is 
forced back into its first position, from which fact we leant 
that air is possessed of the property of elasticitjr. 

KZPANSIBIL][TT OF AIR. 

EzpansiMlity, or the capacity of occupjrin^, under partica- 
iar eircomstances, a much larger space tnan it does under or- 
dinary pressure, is another property of atmo^heric air. Br* 
Ure has calculated that the gases disengaged by firing gun* 
powder are so rarefied by heat that they occupy more than 
two thousand times the space of the powder itsdf ; and Mr* 
Boyle caused atmospheric air to dilate until it had attained 
nearly fourteen thousand times its* ordinary bulk. 

There are two agencies which are especially active in ex- 
panding air,-— heat and a diminution of pressure. If a blad* 
der containing only a small portion of air be exposed for a 
abort time to the heat of a fire, or if boiling water be poured 
upon U, the air will expand, and the bladder appear as tboogh 
It were fully distended by air in the ordinary state of density. 
60 also, if it be placed under the receiver of an aiipump, and 
a part of the air that presses upon it be abstracted, the re- 
mainder will expand and entirely fill the bladder. 

From these sutemento it follows that air may have va- 
rious densities, according to the circumstanced under which 
it is placed. In the instance of condensation that has been 
mentioned* its density was great ; in that of rarefiiction, it* 
density was small : and the same is true of the atmosphere ; 
for its density at any hei^t is just in proportion to the pres- 
sure that is exerted by the superincumbent mass of air. As 
the air is very elastic, it suffers, in the lower regions, where 
It bears a ffi<eat pressure, considerable condensation, and ex- 
tends itself as much in the higher regions, where there is no 
force to neutralize its elasticity. It £wefore follows that the 
stratum of air immediately in contact with the surface of th0 
earth is more dense than any above it, because it sustains a 
gEMter presnira, and its particles tie consequoDtly htoa^ 
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into cloier conUet ; bat at erery step m w« Mcend from tfat 

surface of the earth the air becmnes leaa dense, because it 
SQstains a less pressure. 

The elasticity of air increases proportionally with the den- 
sity. The lower stratum of the atmosphere b confined to 
its present bulk, or has its present density, in consequence of 
the pressure it sustains. If that pressure were lemoyed, 
.then its elssticity would cause it to expand, and fill a much 
larger space ; but if we would give it double its present den- 
sity, that is, reduce its bulk to one half, then a double pres- 
sure must be employed ; and if a triple density, a triple pres- 
sure must be applied ; because its elasticity would mcrease in 
the same proportion. This is what may be understood by 
the expression, the elasticity of the air increases proportion- 
ally with the density. 

The decreasing density of the air is not without a paipos«, 
as aji^lied to the nabits and wants of particular animals and 
yegetables. The condor, which is generally met with at 
an eleyation of from ten to sixteen thousand fset abore the 
leyel of the ocean, inhabits a yery rarefied medium. When- 
eyer it yisits the lower strata of the atmosphere, it is cmo- 
polled to do so from an absolute want of food, and leayes it 
tor the redone of perpetual snow, which are more congenial 
to its habits and constitution, as soon af its wants tfe sup- 
plied. Humboldt states that when he yisited the Antisma, 
one of the Andes of Quito, he was accompanied by the con- 
dor to the height of sixteen thousand feet aboye the sea ; 
but when he ascended Chimborazo, which is twenty thon- 
sand feet high, that kingly bird was seen hoyering in the air 
beneath him. It would therefore appear that it is not suited 
to liye in the warm temperature and great density of the 
atmospheric stratum that immediately surrounds the earth, 
ner in the intense cold and great rarefaction of that which 
rests upon the summit of Chimborazo. Eyery bird that 
floats in the aerial ocean has a certain habitation, ^yemed 
or regulated by the power of its win^ snd its constitutional 
characters. The eleyation from which Messrs. Robertson 
and SaccharofT threw from the car of their balloon the pi- 
geons that fell like weights on the atmosphere, was that in 
yrhich the condor would naye stretched its bioad pinions and 
defied the power of man. 
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FBISSmtl or TBM ATMOSPBEKB. 

It is tcarcely necessary to make the formal statement that 
the atmosphere exerts a pressure upon a!l the bodies on 
which it rests, for as it is a fluid, it must have weight. The 
weight of 100 cubic inches of atmospheric air at So^ Fahr., 
the barometer standing at 30 inches, is 30.92 grains, accord- 
ing to Mi. Kirwan's experiments. Sir George Shuckburgh 
obtained a different result, and fixes its weight at 30.6 grains ; 
but from the experiments of Prout, Dalton, and Henry, it 

S>pears diat Mr. Kirwan was nearer the truth, as these gen- 
emen agree in fixing the weight of air at above 31 grains. 
But whichever of these results we may adopt, it is quite 
evident that the atmosphere must exert an enormous pres- 
sure upon the surface of the earth, and, as it is a fluid, that 
pressure must be in every direction. It was proved by Gali- 
leo and Torricelli, that at the level of the sea the air presses 
with a force equal to about fifteen pounds upon the square inch. 
Now supposing the bodv of an average-sized man to present 
a surface equal to about two thousand square inches, he will 
support a weight of nearly thirty thousand pounds. This 
statement, however, is often misunderstood, and people im- 
agine that we carry the enormous burden upon our shoulders, 
not remembering that the pressure is distributed over the 
iMxly, and, being resisted by internal forces, tends rather to 
•apport than to oppress. 

The Magdeburgh hemisphere is an instrument that very 
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beaatifuUy illustrates and proves the pressure of the air m 
•veij divectioii. It consisti of two hollow brass hemispheiMy 
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•0 comtmeted thtt, ^«ii jiUie«d togedier, thef fit, end m 
«r-tiffht. These ue funuehed with handlei, one of which 
mey be nntcTewed and the cup attached to the air-pomfi. 
Thia being done, let the two cope be placed togedier» and 
tiie air contained by them be abatracted. If the atop^ock 
be then closed, and the apparatos remoTed from the pmnp, 
the handle may be replaced, and two strong ponona wm 
scarcely be able to separate the hemispheres. This ezpeii- 
ment, invented by Otto Gnericke, demonstrates the existence 
of atmospheric pressure in erery direction ; for as soon as air 
is admitted into the interior, the external prsssare is neutral- 
ized, and the hemispheres may be separated by a child. 

The ancients were qoite i|pM>rant of the facU to which w» 
have just alluded, and attributed all the phenomena new 
known to be the results of atmospheric pressure, to nature'l 
abhorrence of a vacuum, or empty space. This dogma was 
universally received as the reason w^ water rose in a pump, 
till it was accidentally discovered, in the eariy wuri of too 
seventeenth century, that water could not be rawea in a pomp, 
when the sucker, falsely so called, was more thaa tiiirty-two 
feet from the surface of the water. Unable to look beyond 
the dogma thej had received from the ancient masters, the 
philosophers of the day decided, after a consideration of this 
fact, that nature did not abhor a vacuum to a height greater 
than thirty-two feet. Torricelli, however, was not satisfied 
vnth the explanation, and a single experiment assured him 
that the air had weight, and that water could not rise to a 
greater height than thirty-two feet, because it then exactly 
balanced a column of atmospheric air with a base of the same 
dimensions. As soon as he had formed this opinion, he con* 
ceived the happy idea of testing itib truth by using mercury 
instead of water ; and the practical results of the experiment 
have been as important as the theoretical. Mercury being 
about thirteen and a half times heavier than water, a column 
of about thirty inches long ought, to counterpoise a column 
of atmospheric air, if water be really austained at a height 
of thirty-two feet above its level by atmospheric pressure. 
Torricelli made the experiment, and the result proved the 
truth of the supposition. 

This discove^ soon excited the attention of all the phi- 
losophers in Europe, and a variety of opinions were formed* 
•ad onhesitfttingly expressed, by diese who preferred pcejo- 
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dice to tnith. To Pascal, whose active mind was immedi- 
ately roused by the report of this important, we might say 
brilliant, discovery, we are indebted for an extremely origi- 
nal experiment. This philosopher at once perceived that, if 
the suspension of the mercury in the tube was due to the 
pressure of the atmosphere, the column ou^ht to become 
shorter when carried to a place at some considerable eleva- 
tion above the level of the sea, for it would then have a less 
column of air to support. Perier, the brother-in-law to Pas- 
cal, was engaged to try the experiment upon the top of the 
Puy de Dome, a lofty volcanic mountain in Auvergne, and 
he found that the mercury continued to descend as the height 
to which it was carried increased. In this way the Torri- 
cellian principle was confirmed, the barometer discovered, 
•ud the action of the pump ascertained. 




Hook's Barometer. 

it was allerward discovered that the mercury rose and 
fell, within a small space, even when its elevation was un- 
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changed, and that it was affected bj the rvjmg conditions 
of the atmosphere. It then came into use as an atmospheric 
prognosticator, and is still employed as a measurer of atmo- 
spheric pressure, and as the foieteller of meteoric changes, 
though not always upon the most scientific principles. 

The barometer in common use is that iuTented by Dr. 
Hook ; and as its construction is not perhaps so ffenerally 
known as its external appearance, it may be desirabte to give 
a description of it. It consists of a glass tube containing 
mercury, ihe upper end beinff expanded into a small g^lobule, 
the lower turned upward»to tne height of two or three inches. 
The column of mercury in the tube is supported by the pres- 
sure of the column of air resting upon the open end of the 
tube, and upon the surface of the mercury is placed a glass 
float, to which is attached a string passing over a pulley, and 
balanced by a weight. As the weight moves up and down, 
it turns the pulley, to which is attached a hand or index, that 
points out upon a graduated circle the exact amount of change 
in the altitude of the mercurial column, which it does with 
extreme accuracy. 

Pascal's experiment can scarcely fail to jroggest the use 
of the barometer to measure heights, and it has consequently 
been employed by philosophers for that purpose. At first 
considerable difficulties stood in the way, and many errors, 
for which the observers could not account, were observed in 
the results of the experiments. De Luc afterward discov- 
ered that the greater number of these might be traced to the 
circumstance of not considering the comparative expansions 
of mercury and of air ; for a temperature which would 
greatly expand the latter would have no influence whatever 
on the former. 

If the density of the atmosphere were uniform, nothing 
could be more simple than the measurement of heights by the 
barometer. It has been found by experiment that when the 
thermometer is 32° Fidirenheit, and the mercury of the ba- 
rometer stands at thirty inches, it falls about one tenth of an 
inch if carried to the height of eighty-seven feet. Now, if the 
density were equal throughout, it would only be necessary to 
multiply eighty-seven by the number of tenths of an inch that 
the mercury fell, and we should have the height in feet. Bat 
the density of the atiaosphere is not uniform, and conse- 
quently the diflkulty of the pioblem is increased. So neeet 
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my, howerer, wat it that this method of meat nrement ahoold 
be rendered arailable, that it received the attention of many 




Portable Barometer, 
enunent philosophers ; and the traveller, ifith the aaastancsi 
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of th« taUw ihtt have betD nrepved, can now deUnniiM 
the height of aplice above the level of the aea by the barom- 
eter as accurately as its horizontal distance from any fixed 
point, by the ordinary rules of trigonometry. 

The experiment performed upon the Poy de Dome, mider 
the direcuon of Psscal, may be readiW made b}r any peraoa 
who posseases an airpump and the usual pneumatic apparatua. 
If a barometer tube, not less than thirty inches in length, be 
filled with mmcury, and inverted in a cup containing the same 
metal, the fluid contained in the tube wul immediately iall to 
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feperiment showfaig the mfloence of the atmosphere on the mer- 
curial column. 

•nch a height as to balance exactly the pressure of a column 
of atmosi£eric air. But let the cup in which the mercoiy 
tube is placed be put under the receiver of 9n airpump, and 
as the process of exhaustion goes on, the mercunal ^umn 
will decrease in height ; and, could a perfect vacuum he pro- 
divsed, the mercury contained in the tubs would be entirelf 
dischaiged into the cup. 
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' The pretrare of the atmosphere upon the mrhee of the 
earth, and on ail bodies, is not an animportant principle in its 
direct influence upon organic structures, and in the prorisions 
which are necessary for the supply of the wants of man in 
particidar. The earth is essentially, in its structure and nat* 
ural condition, the intended abode of organized beings ; and 
there is, perhaps, no law of matter, or provision for the return 
of particular phenomena, that has not a more or less direct . 
influence upon the wants and happiness of animal beinff. An 
average sized man sustains a pressure from without of about 
fourteen tons, and, so far from oppressing him, it is absolutely 
necessary for his existence, for, by resistinff the outward 
pressure of the fluids in the body, it prevents ttie vessels that 
contain them from distention or bursting. Count Zambec- 
cari ascended, in 1783, to so great a hei^t in a balloon, and 
came into so rarefied an atmosphere, that his hands and feet 
were much swollen. Some travellers have sufiered under a 
violent bleeding of the nose when they have approached the 
summit of very high mountains, and all experience inconve- 
nience from the feeling of distention. We are not conscious 
of the weight that we sustain, because it is acting on all parts 
of the body ; and if it were not so, we should be crushed un- 
der the burden we now unconsciously sustain. A man holds 
out his hand, and does not know that it is, as it were, support- 
ing some hundred pounds of gas ; but let him place the palm 
of his hand upon an open receiver, and a part of the air that 
it contains be taken away, and he immediately becomes con- 
scious of an oppressive force on the back of the hand ; for 
that which before supported or resisted the downward pres- 
sure is removed. 

It will not now appear strange that we are extremely sen- 
sible, and particularly those who have weak or nervous con- 
stitutions, of atmospheric changes. Some persons have as- 
serted that the animal body is not under the influence of ex- 
ternal causes ; but, not to refer to the habits of many animals 
at the time of meteoric changes, and Uie diseases that are 
floated from region to region on the wings of the wind, ob» 
serve the countenances of men, and are the^ not nnfailinff 
barometers 1 Or, let us examine our own feelings. We fiprt 
braced and strengthened by the cool, and dry atmosphere of a 
fine morning in 'spring, and are enervated and deprisesed by 
tli» wet and murky air of a doll day in winter. Theee 4 '" 



tllB ATM08FHBRS. 81 

are no doubt to be tneed in some degree to electrical 
changes, but also in part to the alteration of atmospheric 
vnssQre ; and when we consider that in the cooise of a few 
hours it may vary, upon a human body, as much as half a 
ton, we shall not be surprised at the results which follow. 

Vegetable structures are of course as much indebted to 
the extermd pressure of the air as animal bodies ; for, if it 
were removed, their vessels would be unable to contain the 
fluids which circulate in them. If we place a withered apple 
under the receiver of an airpurop, and abstract the air, it will 
first of all swell out to its natural bulk, as when newly gath- 
ered from the tree, and its exterior covering will then burst, 
and its juices escape. The same result would foUow the 
withdrawing of that consertative principle of nature, almo* 
spheric pressure. 

The pressure of the ahr serves another important purpose, 
in preventing liquids from boiling at very low temperatures. 
It 18 a well known fact, that water bmls on high mountains 
when its sensible heat is lower than that required to produce 
ebullition at the level of the sea ; and it does so, because it 
•Dstatns a less pressure. Water must be raised to a tem- 
perature of 212^ before it will boil, if the experiment be 
made at oidinary elevations, hut at the top of Mont Blanc it 
was found to boil at 189^. Dr. Franklm invented a very 
pretty instrument, called a pulse-glass, to show that liquids 
boil at very inferior temperatures when deprived of atmo« 
qiheric pressure. It consists of an exhausted glass tube, with 
a bulb at each end, and contains a small quanti^r of spirits 
of wine. If one of the bulbs containing the fluid be held in 
the pakn of the hand, the instrument having a rather sluing 
position, the heat of the hand wiU be sufficient to make Ae 
spirit boil, and the vapour thrown off" wHl be condensed at the 
opposite end. Now if there were no atmospheric pressure, 
many fluids which are now liquids would oe vaporized at 
common temperatures, and the boiling p<nnts of others would 
be so much reduced, that a very slight increase of sensible 
heat would cause them to assume the vaporous states 

BXTBNT OF TBI ATMOSPHIBB. 

• Havinij^ expbined the chymical constitutaot^ and illustrated 
the physical properties of atmospheric air, as well as iu in- 
\ in the mast upon the general oonstitation of matter, 



68 THB ATMOSPHSMk 

wmi cfgVBind bodies in ptitienlar, w« may pncaed to iA^uiro 
iBto tM probable height to which the atino^ere extendi. 
It has been already stated, that the pressnie of the atmo- 
sphere decre a se s according to the increased elsTation aboTO 
Uie ImftH of the sea. This decrease of density for eqml 
aeceiits is in geometrical prosression, that is to say, at an 
eteration of tlvee miles* the &nsiiy would be only one half 
what it is at the seashove ; at six miles one foorth ; at nin* 
miles one eighth : so that at the height of fifteen miles thm 
pvesaare of the snperincambent air woald not suntort a col* 
«mn of mercury of more than one inch. It in evident, there- 
fore, that the greater portim of the atmosphere is withia 
ifteea miles <tf the earth's surface ; and yet it is supposed^ 
aad'it may be eonsidered aa satisfoctuily determineo, that 
the atmosphere extends to a height of more than for^'^TO 



Some persons have imsgined that the atmosphere has 00 
limit, but is spread in a state of extreme rarefikction through 
all space. Now if space were filled with an atmonheMy 
however mat its rarity, the planets would have atnos|4ereiy 
for theee Dodiee would accumulate, by their attractive power^ 
a portion of the fluid medium around them, which would in- 
crease in density with its proximity to their surfaces. But 
it dees ippear that seme planets have no atmoephere, and# 
therefore, that which ennounds the earth deee not extend 
through space. 

But this suppeeition may be objected to on another ground* 
as oppoeed to the known influence of the foroee fay which 
matteic is ^povemed. As the density of the atmosphero de- 
creases with its height above the surfoce of the earth, on ao« 
count of Ifc^minution of pressure, there must be some point 
whero the elasticity ef the air and the force of giavity iro 
equal, and there the atmosphero nmst terminate. 

AiM»th«r argument in proof of the limitation of the atmo- 
sphero might be adduced fipom a considBration of the ele- 



mentary constitution of matter. Sabstancea aro c 

of ultimate particles, united in definite proportions. ThsT 

atmosphero must theroforo have a lunit, and that is a strn- 



turn of ultimate jiarticles, beyond which it cannot be suppo- 
aed to oxfeend without investing it vrith hypothetical pn^ier^ 
taaa. 
AMWkoam the ammm eserted hyst 
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« 

BplMlie tnr, w« here a datom bjr which to calculate ita ax* 
lent. If the dennty were the same throughoat, thia would ho 
an eztiomeljr simple problem ; for, by ascertait^ng the wekht 
of a.colunm of air of any dimensioned snd the height of a 
coltinm of water of the same dimensions, we might, bf a sim- 
ple eqoation, discover the height of the atmoephe^. But aa 
the rarafsctton increases with the altitode, it is a somewhat 
eomplez and difficolt problem to ascertain ita height. Thia 
may, howoTer, be spproiimately determined by another 
method. It ia generally known that twilight is a phenom- 
enon resulting from tfaie refraction snd reflection of solac 
light after the luminary has descended below the horixon. 
Now from calculations made by Dr. WoUaston, founded 
upon the known law of decreaainff density, it is certain that 
at the height of about forty or forty-five miles, the atOMH 
sphere does exist, and in such a state that it influences the 
direction of light. If we calculate its extension by the length 
of our twilight, we shaU be brought to nearly the same result. 
It is also found cwable of conveying sound at the hei^t of 
sixty-nine milea Thus, although it ia almost impossible to 
say in respect to the atmosphere, thus far it extenda and no 
farther, yet there are methode by which it is possible to 
acquaint ourselves with its exiatence and conditions within 
certain limita 

▲VAPTATION OF THI ATMOSPHBRa TO ANIMALS. 

In the consideration of the principles and j^enomena to 
vriiich we have referred, the mind is especially interested by 
dieir adaptation to the physical or inteUectoal wants of ani- 
mals. ,Tlie senses are as capable of becoming the media of 
painfol'as of pleasurable sensations, and nothing but an ad- 
mirable application of external agencies preserves us from 
those violations of sensibility to wnich our constitution ren- 
ders us liable. The very capabilities of enjoyment that are 
possessed by man and mfonor creatures, would have acted 
as a curse, had not external nature been in concord with 
them. Instead of the elastic and enlivened feelings with 
which we now look npon the face of nature, it might have 
been the source of constant annoyance ; and thus the very 
capabilities by which man is distinguished, might have be- 
come the increasing causes of pain and discomfiture. But 
by the anangamanta whaeh the Creator has adopted, man ia 
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Mi •dy oninnd to Mm» bot to Hip* ■unooiidsd ilith Afail* 
■U* plflMoiM, anl doable blaMingt m wotmi with bk 
hMTMst toO— 4hoM of tho inteUoct and thoM of th« mums. 
He sows and he pleato for the relief of his wante, bat he hae 
an inteUectaal pleasare in watchinff and in acooonting for 
the reeolte, while the fohase and the biofeom accord with 
bis tenaatioDa of beanty, and the fruit ia pleaaant to hia taato. 
Tlieae are the leaalto oif a aymmetry in deaiKn ; and we caa 
aeaieeij conoaiTe hew great a diaoider and diapnportiaii 
woold be prodoeed hj an alteration in one great prmeqiie^ 
each, for inatince, aa the conetitotion of the atmoephere. 

AUoaion baa elready been made to the fitneia of the atmo- 
ephere for the conToyance of light to the eye, which ie not 
only neceeaaiy for the prodaetion of tboae pleaaoraUe eena»- 
tien which external natare ia capable of aflfording, bat alao 
that the admal may be aUe to obtain ita food, and preaenre 
itaelf from tboae foea or dangem to which it may be eep»- 
cially ejtpoeed. It ia qoite'trae that animala hare been pro- 
ved with pecaliahtiee in the formation of the mje, ao ae to 
enable them to folfil the eapeeial object of their ereitioB ; 
bat, wbaterer may be the nature of tlieae peculiaritiee, there 
tan external adaptationa auited to them all, and they are but 
particalar illuatrationa of the aame general mineiple. We 
may be chargeable with digreeaion in lo doing, but it ia 
alinoat impoaaible to deny ouraelvee the pleaaore of aelecting 
an example. Take the Tolture as the type of the whole 
elaaa of animala to whidi it belong and, from what we 
know of ita habita, we may expect it to Iuto a pecuUariy 
eonatitated riaion. From ito hafaitoal reaidenoe in regiooa 
Teiy for above the aarfoee of the earth, it ia neceasary that 
it ahoold have the power of eeeing objecta- at a great die* 
tance ; and aa the diatance between the point of the beak and 
the eye ia email, it ahould alao have the ci^Mbihty of eeeing 
ol^eeta that are near. Both tbeae poweia it pbeaeeeea in 
a moat remarkable degree, being not only able to chooee the 
part of the careaaa upon which it will feed, bat alao to de^ 
aeend upon it, from a height at whidi the bird iteelf is aoeieei' 
ly ▼isible to the haman eye. It haa therefore been furmshed 
with a peculiarly constructed eye, and such a capability ef 
adjuatment, that it can adapt it to any distanee that may be 
required. But the eye, however admirably formed, wonld 



be perfectly uaeleae, were there not eome medium by whieh 
the light c«iiU be eondoctedl ' 



i to it with a pnpbr iatenaily. 
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AIR A OONDDCTOm Of fOUND. 



Ilwre is yti another adaptation of the atmoiphere to tho 
wants of man that desenres notice. Air is a conductor of 
toiuid. The sense of hearing is not so ezcursire as that of 
sight, bat it is highly imporunt to animals as affording a 
lively gratification, a means of detecting approaching dan- 

r, and a capability of communicating thougnt and feeling. 
is by habit that we obtain the power of distinguishing 
places and things by sound, a capability that is sc(|uired by 
ttiimals as well as by men. This is no mean acquisition to 
beings who, by reason of their power of locomotion, have 
mai^ mors chances of destruction or injury than those which 
are almost or entirely fixed to &e same spot. It is not a 
UMTS speculative opinion, but the result of constant ebserva- 
fion, that the quickness of sensation, whether of he'bring, 
fleeing, or otherwise, is proportioned to the wants and ene- 
mies of the animal ; but of all the senses, seeing and hearinr 
are the most important for the independent preservation of 
life ; and if tiiat of sight be the most universal, that of heap- 
ingis best able to supply its place. 

Three things are necessary for the production of the sen* 
sation of sound : a sounding body, an organ of hearing, and a 
medium by which the sound may be transmitted from one to 
the other. It is to the latter that our attention is particu- 
larly directed. Air is the ordinary, but not the only, con- 
doctor of sound. Hauksbee discovered that in a vacuum no 
sound could be produced; for having suspended a bell in the 
receiver of an aiipump, he found that the sound became less 
and less intense as the' air was rarefied, and was at last 
altogether inappreciable. But, on the other hand, when air 
is condensed into a receiver, the intensity of the sound is 
gfoater than in air having that density usual upon the surface 
of the earth, a cirenmstanee well known to those who have 
descended in a diving-bell. 

These facts will explain a phenomenon familiar to those 
who have visited mountainous regions. In consequence of 
the inereasing rarefaction of the atmosphere, in proportion to 
the elevation above the surface, sound must necessarily, if 
the statements just made be true, become less intense m 
ttoportton to the elevation above the level of the ocean. 
SaoiSttM relates that a pistol fired upon the summit of Moift 
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Blanc prodaced a report that was not louder than that of • 
cracker exploded at the base of the monntain. The aolitaij 
sUence of mountains is indeed so well known, that it has bo- 
eome proverbial, and almost an essential property of the 
poet's elysium. It is not, however, so generally known that 
there is a physical reason for this result, for it is nsnally 
imagined that it arises from the destitution of animal life, 
which is not in itself sufficient to account for the phenom^ 
enon. 

But although the intensity of sound is diminished by the 
rarefaction of the air, yet the atmosphere is capable of con- 
ducting sound at heiEhts which cannot be attamed by man. 
The sound produced by the explosion of the meteor of 1719 
was like that of a large cannon, although it was at an eleva- 
tion of sixty-nine miles. The ^eat meteor of 1783, which 
was said to be half a mile in diameter, and to move with a 
velocity of twenty miles in a second, produced a distinct 
rumbling sound, although it was at the height of fif^ miles 
at the time of explosion. These facts prove that air is capa- 
ble of conducting sound even when in a state of great te- 
nuity, as it must be at these heights, and we may uso learn 
from them that the atmosphere extends beyond that limit at 
which it has the power of refracting light. 

The intensity of sound, and the distance at which it may 
be heard, are considerably influenced by the state of the 
atmosphere. Fogs, rain, and snow obstruct the passage of 
sound, a circumstance that must have been observed by 
every one. A clear, cold atmosphere is favourable to the 
ready and perfect conducting of sound, and especially when 
it is carried over the surface of water or ice. We remem- 
ber to have frequently listened, in a cold winter's evening, 
to military music, the tones of which were softly borne over 
the quiet waters from a distance. It must also have been 
noticed by the reader that sounds are more audible by ni^t 
than by day. It is true that the silence which nniversuly 
prevails may render us more sensibly of feeble sounds than 
during the bustle and animation of the da]|r, but there is 
another reason for this phenomenon. At night there is a 
greater uniformity in the temperature and density of the 
atmosphere ; for all the ascending heated currents of the air 
which result from the action of the sun's rays, cease with the 
activity of the agent that gave them biiw. An inegolar 
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medium hta a sreat effect in obstracting and stifling sound, 
and consequenUy soands are conducted wiUi more facility at 
night than when the sun is aboye the horizon. 

\rhe great distance at which sounds have been sometimes 
heard is very remarkable, and probably chiefly depends on 
the state of the atmosphere. Lieutenant Foster states that 
he has conversed with a man across the hsibonr of Port 
Bowen, in the North Sea, at the distance of a mile and a 
quarter. Guns fired at Carlscroon were; according to Der- 
nam, heard across the southern extremity of Sweden as far as 
Denmark. But the most remarkable instance with which 
we are acquainted is that recorded b^ Sir Stamford Raflies, 
who informs us that the noise which attended the great 
eruption of Tomboro, in 1815, was heard at Sumatra, a dis- 
tance of 970 miles. 

Many experiments have been made, at Tarious times, and 
in different parts of the world, upon the velocity of sound in 
air. The early experimenters, however, are all more or less 
inaccurate, for want of instruments sufficiently correct to 
measure the time that elapsed between the flash being seen 
And the sound beii^ heard. Another cause of error was 
inattention to the in&ence of the wind, for which they sel- 
dom allowed, although it is quite evident that sound must 
be transmitted with a diminished velocity when the wind is 
blowing in a contrary direction to that in which the sound 
was heard ; and when the wind is blowing in the same 
direction its velocity must be increased. 

The modem experimenters have avoided both these sources 
of error ; for, possessing accurate mstruments, they have ei- 
ther chosen a tmie when the aur was at rest, or have caused 
the sound to be transmitted in a direction at right angles to 
that of the wind. 

But the chief difficulty is to ascertam the exact measure 
of the interval of time between the flash and the report. 
The most accurate experiments that have been m^e are 
ihose of MoU and Vanbeck, in 1822, and those of the French 
academicians in the same year. In the experiments made by 
the Butch, a dock was ased, so constructed that iu index 
could be at any time stopped without stopping the machinery. 
By this instrument tune could be measured to the one hun- 
dredth part of a second. The French used a watch of a very 
Jsgenioos construction. It was fmuished with two han^ 
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Kke a common watch, but one of them performed a revolu- 
tion every second, and might be made to touch the dial-plate 
at any time without stopping, and being supplied with a Kind 
of dotting pen furnished with printer's ink, left an impres- 
sion to be read off at leisure. 

By these experiments it was discovered, that when air is 
dry, and at the freezing temperature, it will conduct sound at 
the rate of 1,090 feet m a second. 

Other gases have the propertjr of conducting sound, but 
they do so with different velocities,^ and, what is still more 
singular, the intensity also varies with the medium. In hy- 
drogen gas the sound is scarcely louder than in a vacuum ; in 
carbonic acid and oxygen it is louder than in air.- Wh6n 
hydrogen is breathed, which it may be for a short time, 
though not without danger, the voice is enfeebled but 
shrilf. When equal quantities of this gas and of common 
air are mixed together, the intensity of a sound is not greater 
than it would be in a receiver, the contained air having not 
more than half its common density. This circumstance ari- 
ses from the jgreat difference in the velocity of sound in the 
two gases. One propagates it more rapidly than the other, 
and as the particles of both are diffused throughout the whole 
space, they hinder and stifle the sound, in the same manner 
as aqueous vapour diffused through the atmosphere during a 
fog. But atmospheric air is itself a mixture of gases, yet me 
vdocities with which sounds are conducted in them are so 
nearly alike that little or no obstruction is produced. This 
fact gives us a new and very interesting proof of the great 
adaptation of the atmospheric constitution to the wants of an* 
imated beings. 

It must not be imagined, from the foregoing reniarks, that 
an elastic fluidity is essentially necessary for the proper con- 
duction of sound. Both liquids and solids possess this ca- 
pability in a variable degree. It has been proved by maiqr 
experiments, made in various manners, that sound is audibly 
conducted by water. Fishes certainly possess the sense of 
hearing, and divers have an accurate impression of sounda 
produced in water, although the sounds that are excited in 
the atmosphere are enfeebled by their passage into a new me* 
dium. From the experiments made by M. Colladon, on th« 
Telocity of sound in water, it appears to travel at the rate of 
4,708 feet in a second. AH elastic solid bodies also, such U 
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fjiMM, steel, and tlie metallic alloys, are good condoctors. It 
IS, however, always necessary that the conducting body should 
be homogeneous, or the sound is interrupted ; and the sanw 
result is obtained if the parts be imperfectly joined. 

The manner in which sound is conducted from the sono- 
rous body to the ear cannot be perfectly understood without 
reference to a mathematical reasoning, which would be obvi- 
ously unfit for these pages. We may, however, convey some 
idea of the means by a brief verbal description. When a 
body is in the act of n sounding, it is observed to be in a state 
of vibration. A string may be seen to vibrate from one side 
to the other, and the vibration of bodies, when not seen, may 
be frequently felt. . These vibrations are communicated to the 
air, and by it conveyed to the ear. But every vibratory mo- 
tion produced in the air is not the source of sound ; it must 
be occasioned by an elastic substance. Newton was the first 
who investigated the process by which these vibrations are 
produced, that is to say, by an alternate condensation and 
rarefaction of the air in'contoct with the vibrating hddy. We 
may conceive the effect produced on the ahr as resembling 
that which is occasioned by throwing a pebble into still wa- 
ter, r 

Whenever a sound is conveyed to the ear, it is occasioned 
by a vibration produced in the atmosphere. But k sound 
may be either a noise, or a musical note, the latter being the 
result of B regularly and onifbrmly repeated succession of vi- 
brations. 



There is dne other subject of inquiry eonnoeted with the 
atmosphere. as a conductor of sound that seems worthy of 
notice in thi» place ; and that is, the circumstance unde' 
which echoes are produced. An echo is produced whenever 
sound meet's with an obstacle of sufficient regularity to re- 
flect it. The lawsHby which the reflection of sound is gov- 
erned are the same as those that influence light under the 
same circumstances ; if it be obstructed by a plaqe surface, 
the direction will be changed, but the paths will be parallel ; 
if by a concave, it will converge ; if fay a convex, it will di- 
vem. A wall, or the sides and ceiling of a room or public 
building, may occasion echoes ; but as sound travels vrith a 
great velod^, and aa it takes no pezcepObtB time in moviQg 
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from on« part of a room to another, the edio is lo blended 
with the original sound that the two appear as one. In largo 
hoildings, however, this may not be the case, and then the 
echo frequently becomes a serious inconvenience. We may 
notice one or two of the most remarkable instances in na- 
ture and in art. 




Reflection of sound by rocks. 



On the banks of the Rhine, near Lurley, there ia an echo 
that repeats the sound several times, and has been frequentljr 
described by travellers. 

In the whispering-gallery of St. Paul's Church, London, 
the faintest whisper is conveyed from one side of the dome 
to the other. The tick of a watch may be heard from one 
end to the other of the Abbey of St. Albans ; and m Wood* 
stock Park, there is an echo that repeats seventeen syllablee 
by day, and twenty by night. In the Cathedral of Giigenti, 
in Sicily, there is an echo by which a sound is conveyed from 
the great western door to the cornice behind the altar. The 
confessional happened to be placed at the former, and some 
over-curious persons resorted to the Utter for news, till hj 
some mishap a listener once heard more than was conveni- 
ent, by which the secret became known, and the confessional 
was consequently removed. At the sepulchre of Metella* 
the wife of Craaeus, there was en echo that repeated fiie 
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tiniBS. We are infonned hj Barthhtf, in hit BOtet on 8t»> 
«ing*8 "Thebais," that cm the banki of the Naha, betWMn 
Coblentz and Bingen, an echo repeated the words of a man 
seventeen times; and although the repetition is, in bmmI 
Mhoes, heard after the word or note of the person wli* 
speaks or ^nn, in this instance the repetitions feUow tho 
ofriginal soma so rapidh" and clearly, with such Tarietiee, thai 
the voice seems to oe loat in the mnltitnde of mimicry. 

In times when men were less interested in the fnrestiM* 
tion of the causes of the phenomena they heaid'or saw, 3ie 
echo must have exceedingly perplexed them. Were we per- 
mitted to indulge imagination, it would not be difficult to pic- 
ture to ourselves the amazement and consternation with 
vliiich an inhabitant of the newly-peopled earth would be 
seized, when be first heard tiie rocks far and near reiterating 
the broken sentences that escaped from his lips, as he wtti* 
dered alone by the banks of a river, or chased the deer in 
the mountains. There is much in external nature calculated to 
awaken that consciousness of invisible power which resides 
in every bosom that has not been entirely contaminated by 
vice. The Greeks, whose luxuriant hnagmations were evet 
active in the personification of natural phenomena, have graven 
to echo a place amons the gods. The reader will recwl to 
memory her history. She is described as the daughter of Air 
and Tellus, ^e attendant of Juno, and the confidant of Jupi« 
ter. Her loquacity, however, displeased the sod, and she 
was so far deprived of speech as to only have the power of 
reply when spoken to. Pan was once her admirer, but never 
enjoyed her smiles. Narcissus was the object of her choice, 
but he despised her, and she pined to death, though her voice 
is still heard on the earth. It is unnecessary to point out the 
aptness and beauty of this personification. 

We might here close our description of atmospheric phe* 
nomena, and introduce some remarks upon air in motion, un- 
der the head of ** appearances dependsEuit on the distribution 
of heat '" but we shall, perhaps, best maintain ^e order of 
our subjects by an allusion to the phenomena in this place. 

warn. 
The equilibrium of the atmosphere may be destroyed, and 
streams or cunents of air be produced, by a variety of causes, 
but change of temptralure is by far the most important. Air, 

I --^ 
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M wen M other bodies, expands by heat, for its particles are 
Ihrown to a greater distance from each other. Heated air, 
therefore, must be balk for bulk lighter than cold air, and will 
eoneequently rise and ^ive place to that which is coM and 
heavier. If the air restms upon any spot be more heated than 
Ibst which surrounds it, there will be a constant flowing in of 
cold streams from every direction, and those persons who are 
situated to the north of the spot will experience a north wind, 
while those to the south a south wind ; but those who are on 
the spot where ail these several carrents mjset will suffer vi- 
olent and tempestuous weather. When this process is ex- 
tensive and violent, hurricanes and whirlwinds are produced. 

We maj often learn principles that may be applied to the 
investigation of nature, from comparatively insignificant re- 
sults. Artificial winds axe constantly circulating throu^ our 
houses. Smoke rises because it is mingled with hot air, and 
the deficiency of air which is thus produced in an apartment, 
is supplied by the cold air which rushes through the crevicei 
of the doors and windows. But our fires communicate at 
the same time an increased temperature to a portion of the 
air in the room, which consequently rises ; and it will always 
be found, in eveiy building, that the hottest air is at the top. 
On this account there are always two currents in a room, one 
outward, and another inward, as may be easily proved ; for, 
if a lighted candle be placed near the top of the door, the 
flame will be blown outward by the heated current which is 
making its escape ; and if at the bottom, it will be blown in- 
ward by the cold current which is rushing in. The same pro- 
cess is going on in nature on a larger scale, and the principle 
which explams the one is applicable to the other. Take the 
land and sea breezes, which occur in all the islands of the 
torrid zone, as a proof of this statem^it. During the hottest 
part of the dav the winds set in from every direction towards 
the centre of tne island, for the sun's rays produce more heat 
by their reflection from land than from water. When the 
sun ceases to throw its rays upon the region, the land cools, 
and that portion of air which nad been heated by them will 
begin to descend, and currents will be produced off the land, 
occasioned by the spreading or equalisation of the atmo- 
•I^ere* 

But the principle to which we have referred is not sufli- 
cient in itself to account for all the phenomena we witness aa 
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the results of air in motion. The air resting npon tlia eqva- 
torial regions being more heated than that which surrbonds 
the polar, there must be a constant current of cold air rushing 
from the poles to the equator, and a counter current of hot air 
from the equator to the poles. We might therefore antici- 
pate, that all countries in the northern hemisphere would ei* 
perience a constant north wind, and all in the southern hem- 
isphere a constant south wind, except so far as local obstruc- 
tions might interfere. No such results, however, are pro- 
duced ; but within thirty degrees of the equator in each hem- 
isphere^ constant winds are blowing, called the tradewinds ; 
that in the northern hemisphere from the northeast, that in 
the southern from the southeast. 

It is true that there is a never-ceasing under-conrent of air 
from the polar regions to the equator. But, in conseanence 
of the revolution of the earth from west to east, the at- 
mosphere is influenced by a force acting a< right angles to 
that which results ^om the heating of the air at the equator. 
As an atmosphere must necessarily participate in the motion 
of the body it surrounds, and as the velocity of the earUi's 
circumference must increase fn»nthe poles to the equator, to 
the velocity of the atmosphere from west to east must in- 
crease in proportion to its advance towards the equatorial 
regions. "Let us, then, imagine a current of cold sir rushinff 
from the poles to the equator to occupy the place vacatsid 
by the heated air, and throughout its progress to be influ- 
enced by a constantly increasing rotary motion from west to 
east, and it will be evident that, as two forces are acting upon 
it, it cannot implicitly obey either, but must take an interme- 
diate path, and in fact describe a curve line, the convexity 
of that line being turned towards the east. The cause of the 
tradewinds will now be easily deduced. In the northern 
' hemisphere there is a current of air from the north to the 
equator ; but, being impressed by a force tending to drive it 
eastward, that is to say, being under the influence of the 
earth's rotation, it takes an intermediate course, and a north- 
east wind is produced. In the southern hemisphere there it 
a current from the south to the eouator, but this being also 
under the influence of a force tending to drive it eastward, a 
sou^east wind is produced. 

Some writers have referred to the influence of the solar 
IH94 lvm9r fttrtctjon upon the atmosphere as a general cause 



100 THB ATMOBPHXRI. 

of irindi. lliere can be no doubt that the two huniaariet, bgr 
tiicir attractive force, have an influence upon the atmotphere 
■omewhat similtt to that which disturba the ocean, but their 
effect upon it is of little or no importance in our present in- 
quiry, and it is quite certain that the tradewinds, so far frooi 
beinjT produced by, exist in spite of their attraction. 

The tradewinds in some parts are subject to a change of 
direction every six months, and th^ are then called mon- 
soons. This variation in the tradewmds is produced by the 
annnal revolution of the earth round the sun, which causes 
the nmrth pole to be directed towards that luminary one hatf 
of the year, and the south pole the other half ; one being the 
summer of the northern hemiqthere, the other the sunmer 
of the southern. When the northern hemisphere is espe- 
cia% exposed to the sun*s rays, Arabia, Persia, India, and 
China, being greatly heated, raise the temperature of the at- 
mosphere wai covers them, sad the colder air from the re- 
gions south of the eouator rushes towards the parts. It 
will therefore follow that for one six months the tradewind 
is in this instance produced by a current of air rushing from 
the equatorial regions ; but, when the summer of the south- 
ern hemisphere approaches, then the direction of the current 
changes,- and the colder air rushes towards the ocean and 
countries near the southern tropic, which are then the most 
heated. 

It is not always easy to determine with precision the 
causes which disturb the equilibrium of the aerial ocean. 
There are so many active agents exerting their influence, and 
in such an infinity of ways, that it is equally difllcult to sep» 
•rate or to eomhme their effects. But although some objec- 
tions may be made to the explanations we have given, yet 
there can be no doubt that the causes which have oeen sup- 
posed to operate in disturbing the equilibrium of the atmo- 
sphere are the most important, howev^ their results may be 
obstructed by not less active though mmor local agencies. 

From the parallel of 80^ to the pole in both hemispheres, 
the winds are irregular both in direction and violence. But 
in all countries there is a tendency to periodical winds more 
or less marked. Even in the Island ot Great Britain, which, 
from its situation, having a continent on one side and an 
ocean on the other, must necessarily have a variable climate, 
thtre is a certain prevalent^ of periodical wihds ; etatnly 
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winds nsuaD? preyail durine the spring, and during tlM re- 
mainder of the year wesler^ winds are most common. 

The irregular winds are mo*t feared by Toyagers and traT- 
ellers, and the most violent of these are the whirlwind, the 
harmatan, and the sirocco. 

The whirlwind appears to be produced by the contact of 
two or more currents blowing from different parts, and is 
usually produced by a temporary and local, though violent 
agitation of the atmosphere, llie harmatan is not uncom- 
mon on the western coast of Africa, and is probably produced 
by an interruption of the direction of the tradewmas in the 
course of their progress over the sandy deserts of Africa. It 
is ffenerally attended with an oppressive heat and heavy fog, 
and is said to be the forerunner of a hurricane. The sirocco 
is occasioned by the passage of a current of air over the heat- 
ed sands of Africa, which render it so dry and rarefied as to 
unfit it for respiration ; it is therefore chiefiy characterized by 
its unhealthy qualities ; but in passing over the Mediterranean 
Sea it absorbs so lanre a quantity of moisture, that a suffoca- 
ting and oppressfve fog is produced. 

We often hear of the destructive effects of a violent wind, 
but we are happily, experimentally, unacquainted vrith them. 
The noblest works of man are not unfrequently destroyed by 
its energetic efforts, and countries are sometimes devastated 
by its fearful blast ; but in no country are its effects more to 
be dreaded than in some parts of Africa. During the storms 
that often rage in the deserts, the looye and unstable sand is 
frequently carried into the air in such dense clouds as to in- 
tercept the rays of the there omnipotent sun, while at other 
times it is raised by the whiriwind into massive and gigantic 
pillars. The traveller who has to cross the extensive des- 
erts of Africa, may consider himself fortunate if he passes 
them without beholding either of these terrific phenomena. 
It must be a magnificent but fearful siffht to see a number of 
prodigiourpillars of sand, stalking with greater or less velo- 
city over the unmeasured waste, their tops reaching to the 
clouds, and sometimes based on the attenuated air. Should 
they, however, happen to cross the path of the traveller, 
there is little chance of escape. But if this phenomenon be 
sometimes destructive to a kafila, how much more so the 
sand-wind, or hurricane. Denham had the misfortune to en- 
(umnter a sand-storm in crossing the desert, and has briefly 
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but giaphkaUy detcribed Us effects, like unliiiuted ««p*nf» 
seemed to be filled with particles of sand, and the eye of the 
traveller could only penetrate the space of a few yards around 
him ; the son and the clouds wer^ obscured, and a suffocating 
and oppressiye weight rested upon all ; the horses refused to 
face the sandy clouds which threatened to overwhehn them, 
and both man and beast sufi^red under an oppressive thirst 
which could not be alleviated. 

It is not necessary to compare the amount of evil produced 
by the atmosphere under certain conditions, with its beneficial 
influence upon the human q>ecies. £very phenomenon may 
be considered in two ways ; there are a light and a shady 
side, and we may be perfectly satisfied that no agent is ac- 
tive for the mere purpose of destruction. The traveller may 
be sometimes overwhelmed by the vast masses of sand that 
the disturbed atmosphere bears on its wings as it hurries over 
the desert, and the pleasant countiy may be sometimes over- 
turned in its fury, but the same agent still ministers to our 
wants and pleasures ; it carries over the swelling bosom of 
oceans the riches and intellect of foreign climes, aids man in 
his heaviest toils, and bears life and health upon its balmy 
wings. 



CHAPTER IV. 



ATMOSPHSKIGAL PHSNOMBNA. DSrSMDANT ON THK DISTmiBV- 
TlOjr OF BXAT. 

ALTHonaH the chymist has appropriated to himself an in- 
dividual riffht to the science of heat, it is intimately connect- 
ed with all the Inquiries of the natural philosopher. The 
composition and decomposition of bodies are, it is true, chief- 
ly effected by the agency of that principle called caloric, but 
its effects are not less evident in those phenomena which do 
not result from chymical action. All substances possess it ; 
the varieties of form and structure are its lesult ; life and mo- 
tion are its dependants ; and all nature is animated and 
beautified by its influence. 
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Modem philoaophevB haTe thought it Mcwmny to i 
dutinction m terms between the canae snd effeet of tho m»- 
wtion that is called beat, and have adapted tho word ealorie 
as ezpressiye of the agent So for as our «w» opinioiu uo 
concerned, this refinement in pbraseolosj b not a matter of 
little importance ; although there wiU oe eqval diflfeidtf in 
answering the apparently simple question ''what is HV* 
whether one term be ueed or the other. It might be iOp^ 
posed that the distinction of terms is consequently unneee*- 
sary ; but as their appropriate use may sometimes prerent a 
confusion or a circumlocution of expression, we shall use the 
word caloric as expressive of the agent in those mstaneee 
where there might be a want of precision if the term heat 
were employed. 

The various opinions that have been entertained eoneem- 
mg the nature of caloric may be considered undar two gen- 
eial heads. Some persons unagine it to be a materia] agent 
of so great tenuity as to evade our o^bservation, its exiateneo 
being proved only by its effects ; while others consider it ae m 
property of that principle called motion. We are not amonff 
those who ^ect to ascertain with precision the elements of 
heat, h^t, electricity, and motion ; mr although we entertain 
an opinion that they are all united, and peib^ modificatioMi 
of the same agent, yet it is, in all probshility, one of those 
primary created agents wbodi the most xefined analysis, 
and the most careful inquiry, will ever fail to discover. T^ 
ascertain the variations and dependances of effeeta is with- 
in the reach of the human nund, but the cause is hidden 
from the most curious gaxe, and must ever remain the secret 
of that self-intelligent I^wer by which it was brought into eii- 
istence. 

Amonff those who have maintained the immateriality of 
heat, ana have considered it a property of matter piodoeing 



a vibration among its particles, we may mention the namea 
of Bacon, Boyle, Newton, Davy, and Leslie. The theory ia 
well expressed by Bacon, ''calor est motus expansivua, oe»> 
hibituA, et nitens per partes minores." 

In favour of this hypothesis, it has been aiffued, that as ca- 
loric does not possess weight, and is not under the guidance 
of those laws which govern bodies in relation to the condi- 
tions of motion and rest, so it cannot be a substance. 

The opinions of Dafy, the naator mind that 
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. dijiniftrf, w« may give in hu own words : <* The immedi- 
tto CUM of the phflSomenon of heat is motion : and the laws 
of its eommanication are precisely the same as the laws of 
the communication of motion. Since all matter may be made 
to fill a smaller Tolnme by cooling, it is evident that the par- 
tides of matter must have apace between them ; and since 
every body can communicate the power of expansion to a 
bod^f of a lower temperature, that is, can give an expansive 
.motion to its particles, it is a probable inference that its own 
.particles are poss e ssed of motion ; bat as theje is no chancre 
m the position of its parts, as long as its temperature is urn- 
form, toe motion, if it exist, must be a vibratory or an undu- 
latory motion, or a motion of the particles round their axes, 
or a motion of particles round each otheir. 

** It seems possible to account for the phenomena of heat, 
if it ^ supposed ^uu in solids the particles are in a constant 
state of vibratory motion, the particles of the hottest bodies 
moving with the greatest velocity, and through the ffreatest 
apace : that in liquids and elastic fluids, besides the vibratoiy 
motion, which must be conceived greatest m the last, the 
particles have a motion round their own axes, with different 
velocities, the particles of elastic fluids^moving with the 
greatest quickness; and that in ethereal substances the 
particles move round thf ir own axes, and separate from each 
Other, penetrating in right lines thFOugh space. Temperature 
•nay be conceived to mpend upon tie velocity of the vibra< 
.tions ; inorease of capacity on the motion being performed in 
^eater spaces ; and the diminution of temperature, during 
ue conversion of solids into fluids or gases, may be explain- 
ed on the idea of the loss of vibntorv motion in consequence 
of the revolution of particles round their axes, at the moment 
ykban the body becomes liquid or aeriform ; or from the lose 
of rapidity of vibration, in consequence of the motion of the 
particles through ^eater space." 

Those who maintain the materiality of caloric urge, in 
proof of their opinions, that substances always expand by an 
mcrease of temperature, and that their magmtude can only be 
increased by the actual addition of new matter, that is to say, 
by the particles of heat. Having no predisposition to either 
one or the other of the theories that have been mentioned, we 
may be permitted to remark that there is an immeasunble 
iiltance between the iact and the deduetion ; for it i# equal^j 
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•Mj to fuppote the principle, calorie, to iwfe anaftct ia mi* 
creaainff tha expanuTe power oC bodieei and thua aagiMnliiii^ 
their YMome. 

The tnnamiaaionof heat through a Tacmim haa alao been 
conaidered a proof of the materiafitrof ealorie, in oppoaition 
to P&Ty'a hypotheaia. Thia conchiaion we would admit if 
the atatement bad been proved ; but a Tacnnan eennot be 
fonned ; for although the amount of elaatic fluid oontained ia 
«ny giyeo apace may be decraaaed bT artificial meaaa, yet H 
ie impoaaible to extract it entirely, and therefore thia aigomenft 
u of DO Tahie to the theoriat. The aame remark ajiyiiaa to 
electricity, and might be extended to liflht. 

When goyeroed by conoaity, we feel aorae anxiety to ae» 
certain the nature of theae ag^tta which have been ao in^ 
noperly called the inuponderahle bodiea. But we do nol 
Know how acittice would be benefited by the detenninatien of 
the queatiofi, or what practical reaulta would ibllow from the 
diacovery, except that many fliven to apecnlation mi^i be 
better employed, were one of the aubjecte, on which it haa 
been ao profuaely diapenaed, thrown out of the catalogue of 
queriea. It ia aufficient for ua to aaeertein the eflecta prot 
doced ; and, howeyer mortifying it may be to the man who 
pridea himaelf on the yariety of hia leaminff and the extent 
of hia inyeatigfttiona, to confeaa ignorance oiall the great aeo* 
ondary cauaea which hold government over matter, yet it ia de« 
airable that we i^ould be aenaible of our relation to Him who 
gave all thinga birth. We ahall not, therefore, dwell upoft 
apeculatiye principlea, but proceed to make a few remarka 
upon thoae lawa of action which have an influence in produ* 
cmg or modifying the phenomena which we obaenre lipo% 
or believe to be produced beneath, the aurfiiee of the aatth. 

DILATATION BT HXAT. 

The volume of bodiea ia generally increaaed with an tOr 
crease of temperature. There are, however, e few excep- 
tions. Some metals, for example, expand at the instant of 
congelation ; and clay contracts with the addition of heat. 
Tliis last result, however, can scarcely be conaidered aa an ex* 
ception to the law, for it is the liberation of the water which 
ia combined with the clay that causes it to contract. 

All substances do not suffer the aame increaae of volume 
with a certain increaae ef temperature. Gaaea and vi^ut» 
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ef|»aDd more than either liqiiid« or solids, and liquids more 
than solids. Of all solid t)odies, the metals are most ex- 
panded with heat, and lead is more susceptible than any oth- 
er metal. But the expansion is small under all circumstan- 
ces, and it is consequently difficult to construct instruments 
by which to determine the amount. Lead, for instance, only 
expands one part in three hundred and fifty, when raised from 
the temperature of melting ice to that of boiling water. But 
this is not the only practical difficul^Ti for a solid expands 
aqudly in every direction, in its breadth and width as well as 
length. We have, however, no means of measuring an in- 
crease in volume, but must deduee the expansion of the whole 
fiom the increase in one direction. Another difficulty is, 
tt»t an equal increase of temperature, at different tempera- 
tares, does not produce in souds the same expansive effects. 

To prove that solid bodies. do expand when their temper- 
atures are raised, allusion miffht be made to the instances in 
which the principle is applied in the arts. The cooper sur- 
rounds his casks with iron hoops at a red heat, that they may, 
when cold, bind the tiehter ; and the smith must always bear 
in mind the same result. In some instances, it is necessary 
to guard very carefiiUy against those errors which may arise 
from ^ dilatation of metals, ^nd especially in the use of del- 
icate philosophical instruments. The astronomer is pecu- 
liarly exposed to erroneous results from this eaxaSo ; for arav 
of light, a current of air, or the heat of the hand, may be suf- 
ficient to desange an observation, and to increase or decrease 
a distance or a diameter. 

This effect must have some influence upon the solid mass 
oi the earth itself, causing it to expand as its temperature is 
raised, and to contract as it coob. The variation of temper- 
ature on the surface is too small, in all probability, to produce 
ai^y effect of importance ; but th^ constant decrease of in- 
ternal he^t, a fikct recently determined, must occasion con- 
tractions of no sn^all amount ; and it is probable that som^ 
of the phenomena obseryed on the surface of the earth may 
be attributed to this cause. We shall not attempt to defend 
the very ingenious theory of volcanic action proposed by M. 
Oordier, but the mention of it will prove the importance of 
considering the expansion of solids by heat, and meir conse- 
^ent contraction m cooling. 

At Uie |«sQlt of experiment, we know tbat the tempetatoit 
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•f the mterior of the eaith inenaaes towiide the centre, waad 
ihAX it is cooling by the ladiatioD of heat from the anriaee. 
Admitting these facts^ it is easy to accoant fat Tolcanoea, and 
manj of the appearances which are presented hj the sereral 
portions of the mineral crust. But there are many ways of 
ftpplymg these facts, and M. Cordier has one of his own ; 
founding his explanation of yolcanic activity upon the pcinci- 
pie that solids contract in coolinff ; and if it be supposed thai 
an enormous pressure be exerted upon a melted mass in th« 
interior, by the external refriserating mass, the mtumescent 
rocks might be forced out. In this way M. Cordiey explains 
the ejection of lava. 

" At Teneriffe, in 1803, 1 calculated," ha saya, ** as nearly 
as possible, the amount of matter ejected by the eruptions cf 
1795 and 1798. I performed the same cafeolation m respect 
to the products of two eruptions, yet more perfectly isolated, 
which exist in the extinct volcanoes of France ; to wit, in 
1806, those of the volcanoes of Murol in Anvergne ; and in 
1809, those of the volcano of Gherchemus, near Isarles, at 
Mezin. I found the volume of matter in each eruption to be 
much less than one cubic kilometre, or 1,808,044,971 cofaie 

Jards. From these data, and o^ers of the same kind, whieh 
have obtained at other places, I feel justified in taking the 
volume of a culnc kilometre as the extreme limits of the prod-> 
tict of eruptions in general But such a mass is very small 
in relation to the whole earth. Applied to its surface, it 
would form a bed which would not be l-600th part of a mil* 
limetre in thickness. More definitely, if we suppose the mean 
thickness of the crust of the earth to be 62,1 miles, a con* 
traction of this envel<^, which would shorten the mean ra* 
dius of the central mass l-494th of a millimetre (l*13694th 
of an inch), would be sufficient to produce the matter of one 
eruption. 

** Proceeding upon these data, that the contraction produces 
the phenomenon (of volcanoes), and that over all the earth 
five eruptions take place yearly, we shall come to the conclu'^ 
■ion, that the difierence between the contraction of the solid 
crust of the earth and that of the internal mass, would not 
shorten the radius of that maCss more than a miliimetre 
^-03937 of an inch) in a century." 

Whether we admit the accuracy of M. Cordial's dedne^ 
ticms ornot, it it evident that the sama Ibroe whieh oMisee • 
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\m of iroB to expand when heated, and contract wiieii cooled^ 
wwt infliMiice aU solid bodies moie oi less, and may possibly 
oecasioo tenestrial Dhenonena of the most violent chancter. 




Fsnsuson's Pyrometer. 



Manjr instraments called pYrometen haye been inYented 
lor the measiuemeiit of the dilatation or contraction suffered 
bf solid bodies, when their temperature is changed. Al- 
uotwh many pyrometers have been inyented, nearly all of 
wrbiui haye some points of excellence, we shall only notice 
that invented 1^ the celebrated Ferffuson, whose mechanical 
genius has been rarely excelled, ana scarcely, if ever, equal- 
led. Tlus mstrument measures the expansion to l-45,000th 
part of an inch. It consists of a mahogany frame b o d, at- 
tached to a disk divided into 360 equal parts, the central bar 
9 being capable of motion, and of communicating that mo« 
tion to the index. A dilatation of this bar, e^ual to one inch, 
will force the index round the circle, and it is easjr to calcu- 
late the amount of expansion by the aqgular motion of the 
index. 

The central bar is divided into two {neces, one long and 
one fhort. One end of the long bar r is fitted into an iron 
plate o, the pther pressing upon the end of the short bar ■» 
at the point r. When heat is applied to the bar r, its ex- 
pansion acts upon the lever-lbxmed bar i, which causes the 
levolution of the index. 

It may be supposed, from what has been stated, that 
liquids also dilate, when their temperature is raised. Liquid- 
i^ is but the state of transition between solids and gases, and 
most substances may be made to assume either the one oi 
|he other. But all liquids do not suffer the same degree of 
jliyanwon withthe same increase of temperature, a statement 
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^ridch may be eaailj pMred Vj filhig three equal diermome^ 
ter tabee to the same height with tluee different substancee» 
mercury, water, and alcohol for instance, and plunging ffaem 
into water heated to about 160^ ; the degree of dilatatkm 
will not be the same in either two. 

To determine the dilatation of a liauid is a tery simple ex- 
periment, though the method to whicn we refer is subject to 
sereral minute errors. If a thermometer tube, that is, a tube 
having a bulb at one end, be partly filled with a liquid, it may 
be submitted to any degree ot heat, and the difieience of level 
between the commencement and close of the experiment win 
give the dilatation. But, in makmg this experiment, it ie 
seceseary that the air contained in the liquid and the tube 
should be first expelled^ or its expansion will gi^e a false re- 
suit ; and not only so, but as liquids become vapours at aU 
temperaturee when exposed to the atmosphere, and men 
abundantly as the tompeiatur&is raised, the quantity 0f thfl^ 
liquid will be diminishAd, and an erroneous opinion might be 
deduced To prevent^ these two sources of emr, the tabe 
•bould be about half filled with water, and boiled for some 
time to expel the air ; and when this has been ddne, Uie open 
end of the tobe should be hermetically sealed. 

Liquids, generally, have a uniform expansion or contrae* 
tioD, except when the temperatnies approach those degrees at 
which they boil and freeze, and then tKeir degree of duatation 
is changed. Water is a moat remarkable exception to this 
law. As its temperature is lowered, it continues to contract 
until it reaches about 39^ of Fahrenheit's thermometer, and 
then the contractidn ceases ; but when ito temperature ia 
lowered to nearly the freezing pomt, it begins to expand, and 
continuea to do so until it is frozen. This fact is one of con* 
liderable iniportance, for the expansion of water when in the 
act of freezing must^ aoany cases be an active cause in the 
deetmction of rocks, and will explain many resulte v^iiehave 
witnessed in regions subject to extreme cold. A lake, when 
frozen over, must, by ite expansion, tend to destrov its banks, 
md form a considerable mass of detritus, and in this Way ex- 
tend hy degrees the surface of ito waters.. But it is in ele- 
vated countries, which are for a large portion of the year covw 
eved by immense bodies of ice, that the effecte are most fre« 
quently observed. Fissures are filled with water, which, ' 
Khan oongealedy expanda lo violently u to lend rocks ammm 
K 
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der, projaetiiiglaxge fragments into the Ttlleys beneath, ttn4 
breakmg away the lofty pinnacles from their parent beds. 

There are sereral interesting experiments by which the 
expansibility of gases may be proyed. If a flaccid bladder be 
held to a fire, orliot water be poured upon it, the air contain* 
ed will dilate, and the bladder will be inflated* If a glass 
matrass be held over a spirit-lamp, the open end being im- 
mersed in some fluid, luge bubbles ef air wiU appear on the 
surface of the liquid, dhven out by the expansion ; but, as it 
cools, the elastic force decreases, and the liquid rushes into 
the bulb, showing the junount of expansion that was suffered 
by the enclosed air. 

The expansion of gases by an increase of temperature is an 
effect productive of many of those phenomena which are 
ofasenred in the atmosphere, for nearly all its chanoes are de- 
pendant on the action of heat. As all fluids become 
u^ter when their temperature is raised, the heated particles 
will always rise to the top, and the coldest sink to the bot- 
tom, and a mass of liquid or vapour will consequently be ar- 
fanged in strata. When a spirit-lamp is placed at the birttom 
of a yessel containing water or any other liquid, the partiicles 
in contact with the bottom will be heated, expand^ and rise to 
the surface, while the colder particles descend ; and a series 
of currents, some upwards, others downwards, wfll be estab- 
lished, until the whole mass is raised to the boiHng tempera- 
ture. It would be impossible to raise the temperature of a 
liquid b^ the application of heat to its surface. That which 
is true m these instances in reg^ to liquids is also true ii| re- 
lation to gases. The atmosphere, acted upon by solar heat, 
suffen innumerable changes as the result of.the expansion it 
suffers. Currents of heated air rise from the sur&ce in con- 
sequence of reflected or radiated heat, cold currents fall and 
occupy their places. In one region the sur^e of the earth 
is more heated than another, and a stream of cold air rushes 
from the colder re^ons to occupy its place, and by such pro- 
cesses as these, yrmds and hurricanes are produced. 
^ From these statements it will be eyident, that the expan- 
sion of bodies by an increased temperature is intimately con^ 
aected with many phenomena which are witnessed on the sur- 
face of the earth ; and that the &cts to which we have briefly 
alluded are worthy the consideration of him who has no other 
object than to acquaint himself with the phenomena by which 
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lie is surrounded. Bat there is an instrument to which w« 
shaU bare frequent occasion to refer, as the means by which 
jnanv philosqphical principles have been determined ; and it 
would be impossible to describe its use, or the piinciples of 
its construction, to the individual who was not acquainted with 
.the general law* of the expansion which substances suffer 
when their temperature is raised. It would, therefore, b« 
possible to iustiij the propriety of introducing in this work 
some remarks upon the laws which govern the expansion of 
bodies, if there were no other object in view than the Expla- 
nation of that instrument, the thermoineter. 

THS THKRMOIIBTXB. 

Almost any substance might, undet certain conditions, be 
employed as a thermometer. Solids and gases, however, 
would, from a c^ual consideration, appear to be best suited 
for this purpose, as they are more uniform in their expansions 
than liquids ; but this deduction is not found to be practically 
true. The increase in magnitude of solids is so small, that 
they cannot be employed without mechanical contrivances ; 
and the dilatation of gases is so great, that their use is at- 
tended with great practical inconvenience when adapted to 
the measurement of high temperatures. Liquids are best 
suited for thermoiueters. But liquids have, m general, an 
irregular expansion when they approach the boiling and freez- 

X temperature ; and, therefore, that one must be chosen 
se freezing and boiling points are separated by the great- 
est interval, at the same time comprising those temperatures 
which it is commonly most necessary to determine. Alcohol 
freezes at a very low temperature, but it is readily vaporized ; 
the oils are vaporized at arery high temperature, but they are 
easily solidified. Neither of these substances, therefore, can 
be used for commoh purposes, as thermometers, though they 
are useful under certain circumstances. Mercury hu been 
yery generally employed, and it may be necessary to give the 
reader such particulars as may enable him to construct the 
jnstruihent^ should he Wish to test the accuracy q( the inform- 
ation which is given in this volume, or to commence a series 
of experiments by which the boundaries of science may be 
extended. 

The mercu^ tp be used for thermometncal purposes must 
be pure, that is, must be free fix)m admixture with any other 
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tobfltaoce, whether solid or li^md. Hie beet waj to seem 
this is, first to distil it, and it may then, if the tobeeqaent 
processes be carefully attended to, be expected to giye tin 
same results, in how many instruments soerer it may be em- 
ployed. 

To obtain a means of observing the contraction oi expan- 
sion which the liquid may suffer is the next object. For 
this purpose the student may provide himself with a eapiUaiy 
tube that has a spherical bulb at one end, the bulb having ft 
considerable proportion to the bulk of the whole tube. In 
selecting the tube, great care must be taken that its bore b# 
uniform ; for as the instrument is to be graduated, so it is 
necessary that any qaantiW of the liquid may stand at the 
same height in all places. To fill the tube requires a particu- 
lar process ; for, as the bore is capillary, the mercury cannot be 
poured into it. But if the bulb be held over a spirit-lamp, 
and the temperature of the contained air be raised, its ex- 
pansion, and the consequent escape of a portion, will produce 
an exceedingly rarefied atmosphere. If the cpen end of the 
tube.be then plun^d into mercury, and the bulb be cooled, 
the enclosed air will lose a part of its elastic force, and tiie 
mercury will be driven into the tube by the pressure of the 
atmosphere. A small portion of the" tube will be stfll occu- 
pied by air, and to expel it the instrument must be again 
submitted to a hish temperature ; and when the mercurial 
Tapour occupies the space to the exclusion of the air, the 
open end of the tube must be hermetically sealed. The mer- 
curial vapour condenses as it cools, and a tolerably perfect 
vacuum is formed. 

The mercurial column being obtained, a scale must be at- 
tached to it. First plunge the bulb into a vessel containing 
melting snow or ice, and ihe mercury will contract, falling 
to a level at which it will remam until t)^e liquefaction n 
complete ; and as the result is the same in all places, th« 
point of elevation may be marked on the tube, ana is called 
the freezing point. 

Then plunge the instrument in boiling water, and the mer- 
cury will ei^and until it reaches a certain heiirht, and there 
it will remain stationary, however intense may be the fire ap- 
plied to the water ; and hence we discover that there is a 
temperature above which it cannot be raised, and the level of 
-die mercury may be mariLed as the boiling point. 
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>, ' But the instrament is not eomplete, as no measure is yet 
provided for any temperature between the freezing and boil- 
ing points. The diyision of this space must be arbitrary , 
and indeed it is only necessary that such a graduation should 
be formed as ^hall enable different observers to understand 
each other's results. Unfortunately ,< the same division has 
not been universally adopted ; and although it is easy to re- 
duce the observations made by one graduation to the degrees 
of another, yet the want of unanimity is attended with incon- 
venience. 

The scale employed in England was invented by Fahren- 
heit, and is called after his name. In his day, it was sup- 
posed that the mixture of snow and salt produced the most 
mtense cold 'that could be obtained by any artificial means, 
and he consequently took that temperature as the com- 
mencement of his scale, and marked the level of the mercuiy 
in his tube,^ when placed in this mixture, as 0. Thf) inter- 
val between this and the freezing point he divided into 32 
parts, or degrees ; and, continuing the (jUvision, the boiling 
point is 212^. 

^ The centigrade scale is employed in France, and in this 
the interval between the boiling and freezinspoints is divided 
into 100^ ; the freezing point being 0. lCeaumur*s ther- 
mometer is generally used in other countries, and it differs 
from the centigrade in the division of the interval between 
tiie freezing and boiling 'points, into 80 instead of 100^. 

It must not be supposed that the thermometer is a meas- 
urer of the quantity of caloric contaiiied in a body ; degree 
of temperature and quantity of "caloric are not synonymous 
expressions. The thermometer will be equally affected 
whether it be plunged into a river or a basin- of water taken 
from it, and yet it cannot be supposed that there is as much 
'valoric, if we may speak of the agent as though it were mat- 
ter, in a small as in a large quantity. ^ Caloric may be in a 
substanoe, and yet not affect the thermometer ; and it has not 
been proved that^hen bodies have the same increase of .tem- 
perature, they receive an equal quantity of the principle. There 
are, in fact, two states in. which the agent may be placed : in 
pne its presence is known by the effect which it has upon 
bodijBs, whether animate or inanimate, and iii the other its , 
ioAoence is conned to an alteration of state : Uie one is 
K8 
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called sensible, the other latent heat, or, liiore propdrlv 
constituent caloric. 

LATBMT BIAT. 

Although the presence of latent heat cannot be prored by 
any sensible effect, yet there are proofs of its existence, and 
a knowledge of its action will illustrate many of the phenoia- 
ena observed in nature. The mention of an experiment wiU 
perhaps better illustrate the kind of influence wnich it exerts 
upon matter than any description. Take a vessel, containing 
ice, and plunge it into mercury at the temperature of 200^, 
and place a thermometer in both the water and the mercury, 
and watch the effect produced upon them; There will be 
immediately a conduction' of sensible heat from the meievtrj 
to the ice, the thermometer in the mercury will be^ to fall, 
and it might be expected that the one in &e ice would begin 
to rise, but this does not happen; it remains stationaiy, 
though the ice melts rapidly, by the time that the ice is 
melted, the thermometer in the mercury will have fallen con 
siderably, though that in the ice will still be at the freezing 
point, tiae temperature of the water being the same as the 
ice, though the mercury has communicated to it so much sen- 
sible beat. Only one opinion can be formed as to the appli- 
cation of the heat which has been received by the ice ; it has 
entered among its constituent particles, and has a latent ex- 
istence. A certain quantity of caloric is required for the per- 
'formance of the process of liquefaction, and on this account 
it has been sometimes called the caloric of fluidity. Nor is 
it more singular ^hat the aeent should lose its power of in- 
fecting the senses and the thermometer, than that the prop- 
erties of two or more elements should be destroyed in chym- 
ical combinations. 

From these facts it may be deduced, that in the process of 
freezing as much heat must be given out as is received in 
liquefaction, an opinion which may be easily verified by snb- 
mitti!hg water to mercury that has been reduced to a temper- 
ature below the freezing point. 

It is not difficult to determine the quantity of heat absoibed 
by a body, water for instance, during bquefactibn. Take two 
equal vessels, one containing an ounce of water at 33^, the 
oUier an ounce of ice, and immerse them, each vessel having 
a thermometer, in a mercurial bath raised to a Idfjti temper^ 
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mtoM. By the time the ice is melted, the theimonetev in 
the water will ftand at ] 72^, and conaequently a ten^Mratgis 
equal to 140^ ha* been commimicated to it ; hot the temper 
ature of the water ia nothing higher than that of the ice at the 
commencement of the experiment, and it may therefore be 
concluded that it requires a temperature of liO^ to tiqae^ 
ice. That it is the process of Uquefaetion n^iich pieTanu the 
ice from rising in temperature is evident ; for if equal quan- 
tities of water at 88^ and 172^ be mixed, a temperature of 
lOS^* wili be produced ; that is, the whole will tove a lenif- 
perature equal to half the ram of the parts. 

Nearly all liquids may be reduced to |he condition of «<^ 
ids ; but they fireexe at different temperatures, and require y%- 
rious amounts of heat. All solids, except carbon, are cap»- 
ble of liquefaction, though many of them require the moit 
intense heat. 

These facts may enable us to explain some metaorolo^al 
teralts, which would otherwise be exceedinglT perplexing. 
It may have been noticed by some of our readers tnat the 
temperature of the air during a thaw is generally colder than 
when the ground is actually .covered with ice, and this ia en 
dently produced by the abstraction of heat from the atm^ 
si^ere. In order that the ice may be reduced into a liquid 
state, it is necessary that it be supplied with a certain 
amount of caloric, which it applies as a constituent principle 
for the production of lique^tion ; this it can only obtain by 
robbing some other subsUnceo'f ito sensible heat, and it con- 
eeqtfently abstracts from the atmosphere, as it passes over it, % 
portion of ito heat, and lowers ito ten^rature. This expla^ 
nation accounto, on philosophical principles, for the fact that it 
is colder during a thaw tluai whian ice covers the groon^ 
end the surface of lakes and rivers. 

But if a thaw lowers the temperature of the atmosphere, » 
€rost must raise it. When water assumes a sohd state, il 
gives out as much heat as it receives durhig the process of 
uquefaetion. A large portion of this must m communicated 
to the atmosphere ; ^nd when there are no causes tending to 
decrease the amount of sensible heat, the temperature must 
he increased by the quantity* supplied by water daring soUcU 
' ification. 

But we have hitherto only considered two conditions of 
wMni solids and liquids;. it may, however, be presented at 
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a ffu or a vapour. If water, for instance, be exposed for a 
snmcient time to any source of heat, its temperature will con- 
tinue to rise till it has attained to. that of 212°, but above 
this it cannot be raised, and the only effect produced by the 
continuation of the cause is the formation of vapour. It now 
becomes an intsKsting question, what becomes of the heat 
that is imparted to the water after its temperature has been 
laised to the boiling point. This can only be answered in 
one of two ways ; it must either be supposed that it is c^r- 
'ried off by the steam, or that it is applied in a latent state, in- 
appreciable to the thermometer, for nie fonnation of theelastic 
^oid. That it is not carried pff by the steam is certain, for the 
ihermometer gives no evidence of its presence, and therefore 
it must be combined with it in a latent state ; and we nii^hi 
<have expected this analogy between the causes of liquidity 
and the vaporous state. 

It. is possible, by a very simple experiment,, to form an ap- 
proximate estimate of the quantity of latent heat necessary to 
Convert water into aqueous vapour or steam. Take a vessel 
containing five and a half ounces of water, at a temperature 
of 82°, and let the beak- of a retort, containing one ounce of 
boiling water, pass into it. If the water in the retort be 
thrown off as steam into the cold water, it will be found that 
when the whole is vaporized, the five ounces and a half will 
be raised to the boiling point. From this result we learn that 
the vapour of one ounce of water contains as much heat in a 
latent state as would raise five ounces and a half at 32° to a 
temperature of 212°, or, in other words, as can increase its 
sensible heat 182°. If, then, the heat necessary for the for- 
mation of the vapour could have been received in its sensible 
state into the ounce of water, it would have raised the tern* 
perature to 990°, that is, five and a half times 180°. An 
Ounce of water, therefore, in passing from a liquid to a va- 
porous state, receives as much heat as would, if sensible, raise 
lU temperature 990°. 

Aqueous vapour, or steam, is perfectly mvisible, and the 
white cloudy stream which is observed to flow from a vessel 
containing boiling water, is the condensation of that vapour 
produced by its meeting with an atmosphere of lower tem- 
perature. Dr. WoUaston invented a pretty apparatus to 
pove the invisibility of steam, which at Uie same time shows 
Its two most important properties,— elasticity and ooQdMM^ 
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fion. It conntU of a glass tab« about m inehet hog tad 
three qoarten of an inch in diameter, having m bulb at onp 
ef ita extremities. Into the open end are fitted a piston and 
rod, both of which are perforated so as to be 



elosed by a screw at the top, the piston being kept in the 
perpendicular by moving through a cork. A handle k at* 
tached by a brass ring to the tube. When tin instrameot it 
to be used, a small quantity of water must be placed in th» 
bulb, and raised to the boiling noint by a spirit-lamp, th» 
aoerture being left open until tne air has been espeDed. 
Then close the opening, and raise the steam until it foiees 
the piston upward ; immerse the tube in cold water, and ths 
vapour being condensed, a vacuum will be formed, and ttM 
pressure of the atmosphere will force the piston downward. 
This little instrument shows the application of steam as a 
moving power ; but it is not our mtention to refer to thift 
beautiful application of a natural agent, as our principal ob« 
iect in this volume is to explain the natural phenomena wlnell 
oenend upon the laws of material existence. 

We have spoken of the boiling point of water as beinf 
%199 of Fahrenheit's thermometer ; the reader is, however, 
probably aware, that the boiling point is not stattonuty, bat 
varies according to circumstances. Among other things, it 
may be mentioned that the boiling point has always a lelatioa 
to the height of the barometer, or, in other words, to tha 
atmospheric pressure. Now, as the atmospheric pressure 
varies even at the same place, there will also be a alight 
variation in the boiling point. But if we measure the pres- 
sure at different heists, the variation will be found very 
considerable, and in those places there will be a proportioiH 
ate diffsrence in the temperature at which water boils. To 
show that the boiling point of a fluid is lowered as the prat* 
sura is decreased, place a flask containing water at about 
900^ under the receiver of an airpump, and before th» 
receiver is exhausted the water will boil, for a less pressor* 
is exerted upon the liquid. The same result may be ob» 
tained in another way. Boil a small quantity of wAter in a 
thin flask, and while the steam is passing off, cork m> the 
mouth "of the flask, and remove it from the source of heat. 
The boiling will almost immediately cease ; but if the fladi b« 
l^uDged into cold water, the ebulhtion will reeoamMoe. 
This singular result is produced by the condentttioii oC tlw 
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aqueons wpoor, which causes the fonnation of a Tacnom 
■boye the liquid ; and as the boiling point is lowered by the 
msoviA of external pressure, the water contained in the flaak 
is again pat into a state of ebullition. 

It will follow, as a necessary result fKMn these en>eriinent« 
and liicts, Uiat an increased pressure will raise the boiling 
pomt. Tliere is, indeed, no limit to the temperature to which 
water may be raised, except that which regulates the amount 
of pressure under contrcH ; water may, in iact, be made red<^ 
hot widkout boiling. 

These facts have an evident connexion vrith. results ob- 
tained by travellers. It has been frequently observed by 
those who have visited mountainous districts, that the boiling 
point of liquids varies in proportion to the height of the place 
above the level of the sea. From what has been aheadj 
said concerning the atmosphere, we know that the pressure 
decreases with the length of the columii, and we may hence 
deduce the reason for the lowering of the boiling point The 
converse of this is also true, aiid in deep mines the boiling 
point must be proportionally raised. 

As in the process of vaporization a laree amount of heat 
must be combined with the particles of the body, ab equal 
amount must be given up by vapours when they return to a 
]»|uid state. The vapour produced by a cubic inch of water 
will occupy a space of seventeen hundred cubic inches ; but 
all the latent heat it contains must be abstracted before it 
can be condensed into a tiquid. 

Philosophers have made a distinction between vapours and 
gases, although there is a sufficient analog in their physical 
condition to warrant the supposition that uey have the same 
oriflin. The gases were probably separated from the vapours, 
imder the supposition that they could never take the liquid 
form, and were therefore sometimes called the permanently 
•laatic fluids. There is, however, now no doubt, that the 
gases as well as the vapours may be compeUed to take a liquid 
state ; and that, to present them in this form, it is only neces- 
sary to abstract from them their latent heat The greatest 
amount of cold ever produced is unable to effect this result. 
Dr. Faraday has succeeded in condensing some of them by 
another process, and has thus afibrde^ an argument for the 
inference that others misht be reduced, could the obstacles to 
tKoeriment he removed. It is a well-establidied £ict| tbwk 
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when an elastic fluid sufien mechanical eompreaaion, ita 
temperature is raised, a oortion of its latent heat beii^ made 
sensible. The sensible heat may be easily drawn off by the 
contact of some cold body ; so that, by continuing the com- 
pression, and abstracting the sensible heat, it may be possi- 
ble to remove so much of the latent heat as may compel the 
gas to take a liquid form. By submitting the gases in strong 
class tubes to the pressure of their own elastic force. Dr. 
Faraday succeeded in condensmg nine of them. Oxygen, 
nitrogen, and hydrogen, have resisted a pressure equal to that 
of eight hundred atmospheres, so that there can be little pros* 
pect of knowing any thing about the liquids from which Uiey 
are produced. When it is remembered that oxygen and 
nitrogen are the component parts of atmospheric air, there 
will be little difficulty m deducing, from the facts which have 
been stated, f^oofs of the wisdom displayed in the choice and 
arrangement of materials. If an atmosphere of Tapours had 
been employed instead of gases, it might all have been con« 
densed mto a liquid durin|^ some inclement season, and the 
beings dependant on its existence have perished. 

BTAPORATtOX. 

The formation of yapour does not altosether depend upon 
ebullition ; or, in other words, it is not absolutely necessary 
that a liquid should be raised to the boiling pomt for the pro- 
duction of vapour. A liquid may produce vapour from ita 
surface, and at every temperature, though the amount in- 
creases with the temperature. It was once supposed that 
evaporation resulted from a chymical affiniw between the 
particles of air and the liquids evaporated. This theory, pro- 
posed by Halley, has been disproved by the experiments of 
bahon ; and if we had no other proof, the formation of a va- 
pour in vacuo would be a sufficient contradiction. 

Every mass of water on the surface of the earth, and every 
moist or damp district, will afford an example of evaporation. 
All parts of the earth support a mass of atmospheric air, to 
wMon they are constantl^f .imparting aqueous vapour; and 
there isbut one limit to tms process, the saturation of the air ; 
the point of saturation' being the reception o( a quantity 
that will exert a pressure sufficient to prevent any further 
evaporation. 

Aa there are many j^nomena reaoUing from evaporatioiiy 



120 ^^HSKOMXNA OF HSAT. 

k mftf he neeessuy to lefer to some of Uio general kwf 
which gorern the formatton and action of Tapoar under thk 
circumstance, before -any attempt be made to ezptein the 
j^enomena themeelTee ; and snould the reader find the 
Stailfl less interesting than their application, he may find 
some consolation in remembering that there is not eren a 
royal roadlo learning. 

In all obseryations upon the nrocess of eyaporatioa, it is 
Absolutely oeceSeary to consider the temperature of the liquid 
from which ^e yaponr is rising. When the. ten^rature is 
high) the foice exerted against the eyaporatian by atmospheric 
Tapour is altogether inapprsciable, but when the temperature 
is low it must be tsken Into account ; for then il may haye a 
force almost equal to the yapour itself. It appears firom Dr. 
Balton's experiments, that at all temperatures between 2ld^ 
imd 138^, the rate of eyaporation is exactly proportional to 
the elastic force or tension of the yapour ; but as the tem- 
perature lowers, the law becomes subject to grreater yaha* 
tions« for the tensicm of the rising yspour, while that con« 
taineil in the atmosphere comes nearer to an equality. In 
order, therefore, to aeterpune the elastic force of the yapour 
which rises by eyaporation firom a liquid, it is necessaiy to 
determine the amount of pressure exerted by the yapour in 
the atmosphere. 

. To ascertain the quantity of yapour suspended m the atmo- 
sphere at any particular time, instruments are' used called 
hygrometers. The principle of their construction is the 
fjpi^ication of a substance capable of absorbing moisture, in 
such a manner as to measure, by $L mechanical contrivance, 
the amount of aqueous yapour tfiat may be contained in any 
^ce. 

M. de Luc eBi{»Ioyed ibr this purpose a |Hece of whalebone, 
a substance that absorbs moisture yery readily, and to this 
attached a^ index ciUMble of an easy motion round a gradu- 
ated lace. Thedifierence between the seyeral indications 
will enable the obseryer to ibrm a proportion between the 
several conditions of the atmosphere. 
. ^ M. Saussure's hygrometer consists of a human hair, pre* 
Tio«isly boiled in a caustic ley. The hair is fastened at one end 
|o a hoek, and a weight is attached to the other, As the 
hair expands or contracts, it, moving round a grooved wheel, 
^ea m«^tioii to an index which passes ovbr a {graduated arch. 

The hygrometers generally employed by philosophers give 
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the proportioiial differences of aqneoos Tapoar «t dtttnel 
periods withotKt estimating the weight of water contained in 
the atmosphere at the time of experiment. We have eiii« 
ployed a little instrument of onr own constmction, which 
will measure, in grains, the weight of water contained in a 

Siyen space, and consequently enable the obeerrer to dedaca 
le amount contained in a given extent of the atmosphere. 
It consists of an accurately balanced beam, to one Mid oif 
whiclv48 attached a ^qnare foot of tissue paper, and to the 
other a scale-pan. These were adjusted under circmii* 
stances that preyented the interference of aqueous vapoin', 
and it is always easy to ascertain by the instrument the rela- 
tive proportions of yapour contained in a portion of air at dif- 
ferent periods, or, with particular precautions, the quantity 
contained in the atmosphere itself. 

A somewhat analogous instrument has been sometimes used 
hj meteorologists, but this, as well as others, estimates the va> 
nation in degrees by angalar motion and not by weight. It con* 
sists of a balance-beam, having a piece of sponge at one end. 




and a slender rod or index at liw other. The sponge, which 
maybe rendered more hygromettie if steeped in pearlash and 
water, rapidly absorbs moisture from the air ; and as its weight 
increases the index rises, and gives a propovtk>nal estimate 
of the vapour which may be present in the atmosphere. 
The hygromater invented by Mr. Darnells is more fr«» 
L 
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qnently tiaed by meteorologirts than any other, and is mora 
accarate, though it requires a greater time to register an ob- 
servation. The delicacy of this instrument is very remarka- 
ble, a circumstance which gives it a value to the experimenter 
which the student can scarcely appreciate. 

We have ahready proved that, in the formation of vapour 
by ebullition, there must always be a considerable absorption 
of heat. In the production of vapour by evaporation, this 
is equally true, whatever may be the temperature of J;he li- 
quid at the time. There are many interestmg experiments by 
which this fact may be proved. If the bulb of a thermome- 
ter be surrounded by a wet sponge, and exposed to the ac- 
tion of the sun, the thermometer will rapidly fall ; and the 
same result will be produced if it be covered with ether, a 
Substance which evaporates very quickly. For the produc- 
tion of vapour, under all circumstances, heat is requirod, and 
in these experiments it can only be obtained by abstracting 
from the bodies in contact with it, and from its own substance, 
the sensible heat which they possess. 

The same process is gomg on in nature on a large scale. 
When, by the action of the solar rays, vapour rises from Uie 
surface of water or from damp districts, the temperature of 
the atmosphere immediately resting upon that portion of the 
earth is consequently lowered ; for, m order to produce the 
vaporous state, the bodies near to, or in connexion with 
the liquid,' must be robbed of their sensible heat. 

There is a veiy interesting experiment connected with Aie 
subject, which is generally observed with surprise by those 
who are unacquamted with its cause. If some ether be 
poured upon the surface of water hi a flat shallow vessel, and 
placed under the receiver of an airpnmp, the air being with- 
drawn, the ether will boil, and the water will freeze. These 
apparently opposite results are evidently produced by the 
same cause, the vapour formed from the ether. The boiling 
point of the ether is lowered by the removal of atmosplieric 
pressure ; vaporization goes on rapidly ; the sensible heat of 
the water is abstracted to form the vapour, and at last so 
much is taken away, that, being reduced to the freezing point, 
it is consolidated. 

Dr. Wollaston invented an instrument called a eryophorus, 
which illustrates the same principle. This instrument is m 
glass tube, having a bulb at each end, at right angles to ita 
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length. From the bottom of one of these, h, theie proeeeda 
m small tube, throu^ which s liquid, water being osnally em- 
ployed, is introduced. When removed to the opposite bolb, 
Cy it is boiled, so that the whole of the instrument maj be 



<s 




fiUed with its Tsponr, and then the tube is henneticany 
sealed. Now if uie water be accumulated in one bulb, and 
the opposite be immersed in a freezing mixture, the vapour 
will be rapidly condensed and a vacuum be formed ; new 
Tapour is then produced, causing an abstraction of caloric to 
so great a degree as to freeze the water. This philosophical 
toy very admirably proves that temperature is lowered by 
evaporation. 

We have not attempted to sive the reader a systematical 
explanation of the science of heat, but only to describe those 
facts which may enable him to understand the appearances 
that result from the existence and action of . the agent. 
Some of the statements which have been made may appear 
to have little or no relation to atmospherical phenomena, but 
the reader will be able to decide whether this be true or not 
when ha has read to the end of the chapter. 

The various circumstances under which caloric acts upon 
hodies, and the subtlety of its influence, have prevented the 
natural philosopher from tracing with precision its agency in 
many changes, which are no doubt in some degree depend- 
ant upon it. When investigating the appearances presented 
by external material objects, it is possible to give an undue 
prominence to those occult agents which are supposed to 
bold control over matter, without attention to the mfluence 
which matter may have upon them in subduing or restraimng 
their effects. The reader need not then be surprised that 
our knowledge of the phenomena which are most common 
should be so limited, but rather that there is a trace of ce|w 
({onty upon the surface of some of our speculationSf 
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Clouds are fomid to be unYsiyiiig indicator! of the opertc 
tioBi of atmospheric causes, and of the changes which mw 
be expected from them. It has been often said that man is 
a mete<Mrok>gist bf nature, and in a limited sense he is so ; 
for so active are the'inflaences of external material agents on 
the animal system, and so close the connexion between the 
material framework and the thinking principle of man, that 
rapid or violent changes in external circumstances axe felt as 
well as seen. But many advantages result from the posses- 
sion of that knowledge which enables us to predict the 
changes that are in the process of accomplishment, and this 
knowledge is especially advantageous to those whose mt- 
gagements are at all influenced by the weather. The hus» 
bandman and the mariner, by a constant attention to tiie 
forms and combinations of clouds, are generally able to {Hre- 
dict, with some certainty, the probability of changes, wndi 
often to avoid evils which would result from ignorance. The 
face of heaven is indeed an unfailine index, and upon it can 
be read ''times and seasons." But the princ^les ttQat 
which the man who is <* weatherwise" gathers his prophetie 
skill are so indefinite in his own mind, that he can seldom 
give an ex{)lanation of the reasons for his judgment. The 
meteorologist must be in all things governed by experienee ; 
but, unless the results he obtains can be connected by svs- 
tem, and based upon a knowledge of philosophical causes, nib 
information can be of no value to others, and *afford him but 
little satisfaction. 

Many attempts have been made to explain the formation of 
clouds, but there are difficulties connected with all ^e theo- 
ries that have been proposed which cannot be at present ro* 
moved. There can be no doubt that clouds have their origin 
in the combination of aqueous vapours carried into the at* 
mosphere by the process of evaporation. But by what pro- 
cess are the particles of aqueous vapour united, when they 
form clouds and become visible to the eye ! There is no 
philosophical principle that can of itself account for the for<^ 
mation of clouds ; they are not alwavs formed l^ the satara- 
tion of the air, for the atmosphere has seldom reached the 
point of extreme moisture when they make thenr iq)pearaneo; 
nor can they be attributed to a diminution of heat, for tba 
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cloudi are sometimea warmer than the aanoundiiig air ; and 
if the mere coldne«a of the atmosphere produced a condensa- 
tion of vapour, then the night should always be attended with 
fogs or clouds, as the result of the condensation of the 
vapour raised during the daj. 

An extremely high temperature is sometimes continued 
for a lonff time without the formation of clouds. It is stated 
that in January, 1786, the mean temperature during tho 
month was 66^^, a temperature that must have greatly aided 
evaporation, and yet not a drop of rain fell, and the moisture 
of the air diminished so rapidly that it at last almost disap- 
peared. Such a phenomenon cannot be easily ezplamed. 

It is generally admitted that clouds are combinations of 
aqueous drops, and it is almost universally acknowledged 
that their parts have a vesicular structure. Saussure states 
that, when passing over the Alps, he saw a multitude of 
small globules, like soap-bubbles, the component parts of a 
cloud, floating befi>re him, being generally about the size of a 
pea, and apparently covered with an inconceivably thin 
poating. These particles, being charged with electricity of 
the same name, repel each other, and they are from this cause 
prevented from taking a liquid state and falling as rain. M. 
PouUlet, for whose talents we entertain the highest respect, 
as one of the best teachers and most discriminating observers 
in Europe, has stated that electricity is not given oflf during 
evaporation without chymical change; but we have made 
experiments of so decided a character, as to enable us to 
state that this result is not to be depended on, for we can 
prove that in every case of evaporation electricity is devel- 
oped. We shall take this result as though it were provedt 
Iraving the enumeration of our experiments, and the state- 
ment of the means by which the fact was ascertained, to 
another occasion. Now, if electricity is given off during 
evaporation, and the vapour be formed into vesicles, thev 
must all be similarly electrified, and consequently repel each 
other ; but if there be no truth in the principle we have 
stated, there are ample means of accounting for the accumu- 
lation of electricity nrom the action of other causes. 

OLASSIFIOATION OV CLOUDS. 

lorderthati 



In order that meteorologists may compare their observations 
d leaoltSi m system has been adopted b| which they «• 
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•ble to cluM the Mrenl kindf or modifieationt of okmdi. 
There are seven modifications ; three of whidi are simple, 
two intermediate, and two componnd. The following table 
wiU form the basis of the remarks we shall make upon the 
sereral kinds : — 

SimpU ModtfieaHim*. 

1. GiKEus ; parallel, fleznous, or diTei;ging fibres, eztei»- 
•ible br increase in any or in all directions. 

S. CnHULUs ; convex or conical heaps, increasing upward 
fimm a horizontal base. 

8. Stratvs ; a widely-extended, continaons, horiiontal 
aheet, increasing from below. 

Intemudiaie Mod^icotiont. 

1. CiRRo-OamjLvs ; small, well-defined, roimdish masses, 
in close horizontal arrangement. 

3. Cibro-Stratvs ; horizontal, or slightly inclined masses, 
attenuated towards apart or the whole of their circupifereneeb 
^bent downward or undulated, separate, or in gronps consisting 
of small clouds haWng these characters. 

Compaumd Modificatiaiu, 

1. Gumvlo-Stratus ; the cirro-stratus blended with the 
cumulus, and either appearing intermixed with the heaps of 
the latter, or superadding a wide-spread strocture to its base. 

3. Cuhuz.o-Cirro-Stritvb, or Kimbvs, the rain-cloud. A 
cloud, or system of clouds, from which rain is falling. It is 
a horizontal sheet, aboTo which the cirrus spreads, while the 
cumulus enters it laterally and from beneath. 

For ^us classifieation of clouds, which is sufikient y aft> 
curate for the present state of the science of meteorology, we 
are indebted to Mr. Howard, who has rendered more than 
ordinary seryices to this interesting branch of nhysics. The 
eye of the casoal obserrtfr may rest upon the broad expanse 
of heaven a thonsand times, year by year, and in it he may 
find nothing in form to ** stir the sool to ecstasy," mnch lose 
to induce a philosophical discrimination of causes. But al- 
though there may be little to interest the man whose highest 
aim w the personal satisfiicticm of bis grosser nature, or him 
who tnvenes the earth without knowmg mere of itt «oimI^ 
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tkn than it knows of itself, and never for an instant liMginad 
the sense of the phrase, ** the poetry of nature," yet there Is 
a language in the most fickle of all things, the morning cloud. 
As the face of man portrays the passions [n which we man 
is goremed, and their intensity, so the clouds of heaven «▼• 
•vuenoe of the causes by which the atmorohere is held in 
control, and a philosophical knowledge of tae influence of 
those causes enables an mdividual to prognosticate foture re- 
sults from present appearances. 



THE CIRKUS. 



This modification of clouds has a less density, and gen- 
erally a greater elevation, than any other. Sometimes ii 




may be seen stretching over the half of the hemisphere, and 
at other times it may appear as small thin streaks, here and 
there pencilled upon the clear blue sky. Its duration is as 
variable as its extent ; for, although it will frequently re- 
tain the same form for many hours, it does occasionally 
change in appearance so rapidly as not to be recognised, after 
a few minutes, as the cloud which was first observed. Its 
direction is not less various. From the primitive threads 
which are first wove, others are thrown, some laterally, others 
vpward or downward, some or all becoming in time the 
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branches of new shoots ; while, under some circamstance*, 
transrerse lines are formed, which, intersecting the lateral 
threads, produce a reticulated structure. There is, in fact, 
no modincation that is so various in its extent, duration, and 
form, as the cirrus ; but we think it will be found more con- 
stant in all these particulars when formed at great heights, 
than when at smaU elevation. 

The cirrus has been considered the sign of wind ; but it is 
ever desirable to remember, that when we prognosticate at- 
mospheric chances from the presence or appearance of clouds, 
we must be careful to consider the circumstances under which 
the cloud was formed. Horizontal sheets of eirri frequently 
attend wet weather, eyer changing here and there into cirro- 
stratus ; and small groups of the same cloud are generally 
distributed oyer the sky during fine weather. When the 
cirrus precedes a storm, it is lower and denser than under 
any other circumstance ; and generally rises in a direction 
opposite that in which the storm advances. 

it is now generally supposed by meteorologists, that the 
cirrus acts the part of an electric conductor from ckmd to 
plond» or from on^ mass of air to anotiier. This supposition 
is warranted by the form of the cloud ; and it is worthy re* 
mark, that phenomena usually attributed to electricity fre* 
quently attend the long-continued presence of this cloud, 
when accompanied with dry easterly winds. 

The cirrus has been, not inappropriately, called the Pro* 
teus of the sky. The variety of form it assumes may pos- 
sibly at ^rst confuse the student, but a little perseverance, 
and an attentive examination, will soon enable him to detect 
it under all the varied forma it presents. It might be desi- 
rable to arrange the cirri in different classes, for we are con- 
vinced that the several kinds cannot be traced to precisely 
the same causes> and are not the harbingers of the same re- 
sults. Pr. Forster appears to have made an arrangement of 
this kind, and we may be permitted to quote his judicious 
remarks on the subject. " Of late, by way of distinction, I 
have used certain specific names for the various forms of 
each modification. I have called this net«like feature the 
reticular pirrus. Those which are local and detached, and 
which ramify in many directions, giving the idea of a distend* 
ed lock of hair, may be denominated comoid cirri. Some* 
times numerons lit4e filaments a|qpear, like bnqdlea of thrM^ 
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uliich I have caUed filifonn cirri. In fair drf wMitfaflr, with 
Ikht gales, obliquely descending bands of fibrons teitnre aiM 
•Sen seen, and frequently move slowly along from tka le«* 
ward in a supervening current. I by no means intend fay th« 
above account to infer that the appearances of the different 
kinds of cirri, or indeed of any cloud, are erer quite uniform ; 
en the contrary, scarcely two occur exactly alike ; and there 
are many features so yarious and so mixed, that a particular 
description of each can scarcely be attempted. In som« 
kinds of weather, the numberless and ever-changing fiffurea 
which this cloud is continually presenting to the eye baile 
all attempts at description. Observation affords the only 
means of becoming acquainted with them.'' Some such ar- 
rangement as that adopted by Dr. Forster is desirable ; but 
it mould be entirely founded upon observation, for in such a 
one all meteorologists might agree. 

THE CCTMULnS. 

Tha cmnulufl is a dense hemispherical lump of cloud, rising 
from a horizontal base, and is generally formed in the lowest 
regions of the atmosphere. Its first appearance is as a small 




irregular cloud, but previous to rain it rapidly increases m 
size, mass rolls upon mass, often presenting the appearance 
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of an aerial mornitainoua scene ; hiU capping hill, lighted op 
with an eyer-vaiying light. When it is tne luurbinger of raiiiy 
its surface presents a fleecy appearance, and is foimed in 
dense masses in lower strata of the atmosphere than usuaL 
In fair weather, the cumulus has a well-denned rounded sur- 
face, and frequently increases or diminishes with the temper- 
ature, lasting in one form or the other throughout the whol* 
day. Mr. Howard, speaking of this modification of clouds, 
■ays, " independently of the beauty and magnificence it adda 
to the face of nature, the cumulus serves to screen the earth 
from the direct ra3rs of the sun ; by its multipiied reflections, 
to diffuse, and, as it were, to economiie the li^ ; and also 
to convey Uie product of evaporation to a distance firom the 
place of its origin. The connexion of the finer round forms, 
and more pleasinff dispositions and colours of these aggre- 
gates, with warmth ana calomess ; and of every thmg that is 
dark, and abrupt, and shaggy, and blotched, and horrid in 
them, with cold, and storm, and tempest, may be cited as no 
mean instance of the perfection of mat wisdom and benevo* 
lence which formed and sustains them," 

THB STKlTUS. 

The term stratus includes all those creeping mists wfaieh, 
during the night, and particularly in the summer, are seen to 
rise from low or damp situations. It is spoken of by vmten 
as the lowest of all clouds : there are others, however, which, 
like itself, rest their lower surface upon the earth. Ths 
stratus generally rises after sunset, and vanishes soon after 
sunrise, being gradually separated from the earth, and ulti* 
mately evaporated. This modification has been long knowA 
as the harbinger of fair weather, and it is almost invariably 
followed by a serene and cheerful day. 

THS OIBBO-CUMULUS. 

The cirrus sometimes loses its fibrous character, and its 
streaks seem to contract and form themselves into fflobnlar 
or irregular masses, arranging themselves horizontally, and 
sinking in the atmosphere — this is the cirro-cumulus. It has 
been supposed by some, that this alteration of form results 
firom the cessation, either from an alteration in its structure 
or in the condition of the air, of its office as the electrical 
conductor of the atmosphesB. The chro-cumulus is iioqusntly 
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•66D in dry waaomitir weather, and, under certain circumatan* 
tea, in the interval between showers. The nubecula of the 
cirro-cumnlua sometimea almost corer the sky on a fine 
aammer*8 ereninff, while at other times they are well defined, 
and iir separated from each other. The varying forms of 




this clond are peculiarly beautifal ; and there is no modifi- 
cation so likely to attract the attention of an observer of na- 
ture. Bat although it is usually the forerunner of fine weather, 
it is not always the indicator of peace ; for when it makes its 
appearance with the cumulo-atratus, it is sure to be followed 
bjastoim. 

TBI CIKKO-STEATITS. 

The cirro-stratus varies in form almost as much as the 
cirrus itself, from which it is firequently produced. It is, like 
the cirrus, a fibrous cloud, but the fibres are more dense, and 
gen«ralfy more regular, than in that modification. Its appear- 
ance is commonly followed by rainy and windy weather. It 
is that modification in which the halo most frequently appears, 
and hence it is, in all probability, as Mr. Howard suggests, 
that this phenomenon nas been considered a pro^ostic of 
fiinil weather. The cirro-stratus has, under certain circum- 
•tances, so much the appearance of shoals of fish, that it hae 
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been caHed the mackerel-back sky. But H other times it 
presents a structure which warrants the designation, waved 




ctiTo-stFatus, and is then generaUj attended by Ingh ten^ra- 
ture and thmideroeton&a. 

THS CTTMVLO-aTRATUS. 

The eumtflo-stratus is a compound modification^ and being 
• common gradation between those clouds which indicate 
fair and those which bring rough and rainy weather, it is 
frequently seen in aU those countries subject to sudden and 
repeated atmospheric changes. It consists of cirro-stratus 
blended with cumulus, and frequently appears as vast banks 
of cloud with overhanging masses. The ever-vaiying forms 
of this cloud are such as Uie ]>ainter durst not imitate, lest he 
should be charged trith a s^micry of nature. We have often 
found amusement in the days of childhood^, and in riper years, 
in tracing the outlmes of well-known forms in bumin^ em- 
bers, but theke do not furnish half so prolific a field for the 
exercise of imagination as the cumulo- stratus. Here are 
pictured, in bold and determined outline, the ruined tower, 
with its heroes and demigods, the majestic mountain, giants, 
fairies, and scenea of by-gone days ; but who can attempt its 
description t 
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** SomeUmes we see a cload that's dngODish ; 
A vapour sometimes, like a bear or lion, 
A towered citadel, a pendent rock, 
A forked mountain, a blue promontory, 
With trees upon't that nod unto the world 
And mock our eyes with air. 
That which is now a horse, even with a thought 
The rack dislimns, and makes it indistinct 

As water is in water.'*— Shakspkabb. 

* 

' The cnmulo-stratus gives a very majestic character to 
mountainous scenery, and Mr. Harvey accurately described 
its appearance to an observer, when he «aid it resembled a 
curtain dropping among the hills and enveloping their summits, 
the hills themselves reminding us of the massy Ej^ptian col- 
umns which support the flat-roofed temples of Thebes and 
Tentyrrf . The usual appearance of this cloud, however, is 




that of a fungus with a thick stem. Its appearance may 
sometimes induce a casual observer to imagine the speedy 
fall of rain, but it is stated by Mr. Howard and others that 
rain never falls from the cumulo-stratus. 

THE CUHULO^CIBBO-STBATUS, OB NIMBUS. 

The nimbus has generally its origin in the cumulus. 
Vast /masses of cumult may, under favourable circumstances, 
M 
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be Men, in rou^h weather, preTious to the fall of rsm, (a 
lift themeelvea into towering mountains of cloud, and by an 
insensible change to take the structure of the cumulo-stratut. 
After a short interval this modification becomes more dense, 
and increasing in irregularity and extent, forms itself into 
the nimbus or rain-«loud. It is worthy of remark, that when 
the cumulo-stratus is formed, len^ened massee of cirro- 
stratus often cap it« and the quantity of rain seems to be in 
some dei^ee proportional to the extent of the cirri. 




There is no cloud that is so readily distinguished as the 
nimbus, and those who are least acquainted with the een- 

S|[u ration and structure of clouds can generally detect it, 
though the cumulus and cumulo-stratus frequently assume 
a darker and more threaitening aspect. Experience, how- 
ever, guides us, and we frequently gain insensibly Chat knowl- 
edge which we cannot describe. We have often heard per- 
sons say that rain would fall from this, and not from that 
cloud, who yet have been unable to explain the reason of 
their opinions, always satisfying themselves with the asser- 
tion, " I know it, I have seen it before." 

Clouds are so often in an electrified condition, that Bee- 
caria and others have thought that their formation is attribu*. 
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table to this cause. But whether this opinion, which in the 
present state of our knowledge can neither be proved nor 
msptoved, is founded in truth or not, we do know that cloadi 
are frequently the reservoirs of electricity of great intensity. 
In Aug[U8t, 1772, a bright cloud was observed covering a 
mountain in Cheribon, in the Island of Java, and loud 
•oands^ resembling the discharge of artillery, were heard 
from it. A part <» this cloud detached itself from the mass, 
and covering over a circumference of about three leagues, 
was seen to rise and fall, as though it were perpetually un- 
der the influence of two opposing forces, discharging larffe 
globea of fire, which illuminatM the whole country. Its 
efiects were most terrible for seven leagues round ; houses 
and plantations were destroyed, and upward of two thousand 
persons were killed^ There are, however, some cases in 
which ^ectricity from the earth strikes the cloud. A very 
remarkable instance of this is mentioned by Brydone, in 
which the electric action of the earth melted part of the 
tire* of a cart's wheels. 

Other modifications of cload are sometimes charged with 
electricity, but the nimbus is always in an electrified con- 
dition, although it is not always placed in those circum- 
stances which cause the electnc agent to assume that free 
state in which its presence is displayed to the senses. The 
nimbus is always present during a thunder-storm ; and its 
dark and apparently comp^t structure seems to be rent b^ 
the violent expanding force of the devastating agent, as it 
darts from cloud to cload, or cleaVes its way to the earth. 
The form of the rain-cloud is modified by the intensity of its 
accumulated electricity, but in what degree has not been 
determined. 

There are appearances sometimea assumed by clouds 
which cannot be assigned to any of the classes wluch have 
been described ; but these are transient, and quickly take 
some of the modifications we have explained. Many other 
particulars have been ascertained concerning the constitution 
and structure of clouds, their appearances, position, and le- 
sults, which we cannot now attempt to enumerate. 

BAIN. 

The vapour carried into the atmosphere by the process of 
•TPpW&tion is frequently brought to the earth agam as rain. 
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It is easy to account for the fall of rain, but philosoplieni 
bave differed in their theories of its formation, and of those 
diversities which regard the quantity that falls in different 
countries. No subject connected withgeneral physics is 
more invoWed in mystery than this. The difficulty partly 
depends upon our inability to account for the change of tem- 
perature which is supposed to be the cause of rain, and 
partly from the impossibility of understanding how the 
change of temperature does produce the phenomenon. Etoq 
in places where there is little or no variation in the annual 
mean temperature, there may be a great variation in the 
annual quantity of rain, a circumstance which induces us to 
believe that there are local and temporary deranging causes 
which it is almost impojmble to estimate. We can only 
attempt to explain the opinions which have been entertained 
by piulosophers, and to mention a few of those facts which 
have been established by experiment or observation. 

It is universally amed, that rain is produced bv the con- 
densation of vapour drawn into the atmosphere by the proeess 
of vaporisation. The question, of dispute is, why does the 
vapour separate from the atmosphere and fall in a liquid 
state to the earth 1 We might suppose it to arise from the 
coldness of the atmosphere at the time ; but it not unfre* 
quently, happens that ram falls very abundantly ^en the air 
is most heated. We have little doubt that this subject, and 
many other branches of meteorology, will be relieved from 
the perplexing circumstances which now attend their expla- 
nation, when we are better acquainted with the influence of 
atmospherical electricity, an agent already known to exert 
an immense influence i^n the cdnditiona of terrestrial phe- 
nomena. Neither vaporization nor liquefaction can be 
effected without its development ; and, existing as it does in 
all matter, it may be supposed to exert some influence in all 
the chaiiges it suffers. Some philosophers have attempted 
to ejqplain the phenomenon of rain by a reference to this 
a^nt, but we are not sufficiently acquainted with its con- 
ditions to determine iu true influence npon atinoqfiheric 
phenomena. 

Dr. Hutton*s explanation of the production of rain is very 
ingenious, and has been adopted by many meteorologists as 
bttter explaining the facts than any other theory. Rain, ac- 
<wdiDg to Hutton's hypodiesis, results from the uaioii of ez* 
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tensiye strata of air, charged with moisture, and haring 
different temperatures. It is well known to philosophers, 
that the quantity of aqueous vapour that can be contaii^ ' 
b^ atmospheric air, differs according to the temperature of -fll 
air at the time. Air at a siven temperature may be satura- 
ted, and the condition under which thb effect is produced 
has been already explamed ; but, rais^ the temperature, and 
it receives a capabUitj of absorbing more moisture ; lower 
the temperature, and it must part with some that it posses- 
ses. I^t it then be supposed that two saturated masses of 
air, having unequal temperatures, and consequently contain- 
ii\g an unequal amount of humidity, meet each other ; their 
contact will produce a conduction of heat tending to eive an 
equality of temperature. A mean temperature will be pro- 
duced, which must be lower than the temperature of one of 
the masses, and, if the quantity of moisture be too great for 
the degree of heat, a portion of it must be precipitated as 
rain. The whole of this explanation, then, depends upon the 
fact, that temperature and solution do not increase by equal 
increments. Many objectiofis have been made to the theo- 
iy« and there are many facts for which it does not readily 
account.; but these cannot be urged as a proof of its inaccu- 
racy, as they may depend on local circumstances which 
modify the common results. 

Mr. Harvey has so well illustrated by numerical examples 
Dr. Hutton*s theory, in an excellent paper, worthy its place 
in the Encyclopedia Metropolitana, that We ^anhot deny 
Qurselves the pleasure of a quotation. *' Let it be required 
to mingle two volumes of air, of the temperature of 4(P and 
$0Oj, each being saturated with humidity. The force of 
vapour at these temperatures is known to be respectively 
0.^3 and 0.524 inches of the mercttrial column. The 
compound mixture will evidently have a mean temperature 
of 50^., and the mean of the elastic forces is at the same 
time 0.393 inches of the same column. But if we now 
inquire whether air at the temperature of 60^, requires an 
elastic force of this last mentioned magnitude to saturate it 
entirely with vapour, we shall find that it does not; and 
that, at the mean temperature here referred to, the measnie 
Qf entire saturation is really 0.376 inches of quicksflWi, 
The difference of the two columns, or 0.0 I'd inches of mer* 



1 38 PHBNOMENA OF HEAT. 

rarft is h«nce the amoimt of moistare that must be precipi* 
tateid in wome way or other from the compound mass. 

"To provei moreoyer, that this precipitation cannot be 
eonstant for equal differences of temperature, let us farther 
take the example of the temperatures 60^ and 80^. In this 
ease we shall find the elastic forces to be 0.524 and 1.000 ; 
and that at the mean temperature of 70°, the force of yapoui 
is 0.731 inches. Bat the mean of the two elastic forces is 
0.762, thereby proving that a quantity of vapour correspond- 
ing to 0.041 inches of the mercurial column, must be dis- 
charffed the moment the ae^al volumes are united. 

" The order of nature, however, requires that rain should 
not always result from the mingling together of opposite 
cunents, and the theory before us amply confirms it. Two 
volumes of the temperature of 60° and 60° may be blended, 
one of which contains vapour denoted by 0.2 inches of mer- 
eury, and the other by ^.3, the mean being 0.25 ; whereas 
the quantity necessary for entire saturation* at the mean 
temperature of 55°, is 0.443. In such a case it is obvious 
DO precipitation can take place.. One volume, again, may 
have a temperature of 52°, and be in a state of entire sat- 
uration, its elastic force being 0.401 ; but the volume to be 
united to it, with a temperature of 70°, containing moisture 
e<|uivalent only to 0.589. The mean amount of moisture 
will therefore be 0.495, whereas the humidity necessary to 
produce saturation, at the mean temperature of 61°, is 0.542, 
■o that no precipitation can take place. It is evident, 
indeed, that combinations of this kind may be endless, the 
absence of precipitation, as well as the amount of it wden it 
takes place, depending on circumstances sp varied and un- 
eertain, as to afford, on the one hand, a shower so gentle as 
hardly to bear the desi^ation of rain, and on the other to 
cmpply the torrents which occasionally delude the tropics. 
Not only the existing state of the moisture in the mingling 
oolumns must be subject to innumerable changes, but their 
different degrees of heat must be altered also ; the elevation 
of their mean temperature, too, as well as the extent of com- 
bination which takes place among all the moving volumes, 
mat impress necessarily upon the whole of the phenomena 
tJiijrreatest diversity.*' 

. ll^ quantity of rain that falls in a place seems to be in 
Aoine dJ^^ree affected by thaat oircumatanoes : — its position 
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ift relatkm to Hm equator ; its pfoxmutjr to the Ma ; and He 
^evation. 

1. The laiji^ett quantity of rain falls at or near the equator, 
and progressiTely decreases to the poles, a fact which seems 
to be in some degree substantiated by Uie fulness and maff* 
nitude of the equatorial rivers. Humboldt has giyen the fol- 
lowing table as the result of the calculation he made of the 
piopoftional quantity of rain in different latitudes. 

Latitude. Mban annual depth of Rafai. 

O" 96 inches. 

19 . 80 " 

45 29 " 

69 17 " 

But although we speak of a relation between the latitude 
of a place and the quantity of rain that fidls there^ it most 
not be supposed that there is any constant aTorage throngb- 
ont a parallel. Local causes interfere to prevent sudi a re* 
suit. A less quantity of rain falls upon the sea than on die 
land, there being on the former - no elevation around which 
tiie clouds are attracted ; and a greater quantity will &11 in 
mountainous than in lowland districts. 

2. Rain falls more abundantly on seacoasts than in inland 
places, although they may be in every other circumstance 
similarly situated, and have the same general physical fea- 
tures. It has been supposed, and not without evidence, that 
atmosf^nc humidity decreases in a geometrical proportion 
with the distance from the sea. Tbis^s an OTOct which 
might be expected, as the supply of vi^ur is most abundant 
in the vicinity of the sea. But it is still to be determined 
why it should be more condensed on the coast than inland, 
and must be e^lained according to the theory that is 
adopted. 

8. Mountainous coimtries are always more humid than 
level ones. Mountains; when acted upon by the ami, heat 
the air which is in contact with them, even in the cold re^ 
l^ons of the upper atmospheric strata. These heated masses 
of air absorb the moisture from the colder colonms around ; 
bat, meeting with humid masses of lower temperature, or 
cooled by the constant sbstraction of their heat, the homidi^ 
becomes too great for the temperature, and rain iv produced. 
At Keswick and Kendal, in England, both situated among 
th» wmmmBJof Cumberland, the amuai ftll^f laii^ ia «l»a^ 
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BUrtf-Mvra and fiftj-nine inehea reapectiydy, while Um 
average in placea aituated in the interior ia not more than 
twenty-foor inehea. The quantity of rain that falls in the 
Julian Aipa ia eatimated at 100 inches annually, though in 
the valley of Lombardy it does not exceed t^iirty-five inehea. 

There are aome countries in which rain falla during par- 
ticular periods of the year ; there are othera in which it naa 
not the character of periodicity, though it may fall in W^Vn 
abundance in one part of the year than in another. Thia ia 
the case in GipBi J^ritain, the greatest quai)ti^ of rain gen* 
erally falling in September, October, and November. In 
India and many other countriea, the fall of rain ia confined to 
certain months, an unclouded sky beins presented at all other 
times oi the year. There ia no fact that provea more 
Dtrongly the importance of considering local cauaea, than the 
circumatance that, by theae, the lainy periods are aome^imea 
decided. In Bombay, far instance, the heavy raina fall ia 
June and the. four following months, but on the Goromandel 
coaat in the oppoaite montna, a reault prod need, in all prob- 
ability, by the Ghauta. Those places where the atmo^^here 
suffers a periodical change in toe direction of ita currenta, 
we subject to periodical raina. Thia ia the caae with tiie 
iajanda situated under the line in the Indian Ocean. Heavy 
^raina fall during the aummer solstice in the tropical regions 
fii Afriea and Aaia, for the place of the heated air ia occupied 
bgr a humid atmosphere from the neig^ibounng aeaa, and the 
wwovt ia condensed. 

i)uring the contmuanee of the tradewinda, rain ia a very 
uncommon circumstance in the placea over which they blow. 
On aceount of the uniformity of temperature, the aqueoua 
vapour is carried upwaid, and ateadily moved-onward, without 
a chance of condensation. But, aa aoon as it ia beyond the 
influenee of theae winds, it sieeta with maaaea having differ- 
ent temperaturea, and rain is produced. It ia a aihgular 
ciroumatance, thai the heavy raina of India fall during the 
ahifting of the monaoona ; «id it muat have been observed 
that in England, a diy aeaaon ia alwaya attended by an 
almost uni£rm wind, while wet aeaaona are aa constantly 
accompani^ by an unsteady and variable motion of the 
atmosphere. 

Thm are aome jilaeea in which rain ia almoat conatantlj 
lUUffg. 4«MU4Mlima evei^dayiQaioMpii tikitwb 
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of the equfttor on which the mm k ntoated, and when it 
ceuee at night it commences on the other side. Bot there 
■re also some ]daces in which rain seldom or nerer foils, as 
in the great desert of Africa, and on the arid shore of Pern, 
between the 16<> and 80^ of south latitade. 



As the atmos]^iere as well as the earth is subject to a 
variation of temperature, the mobtnre which is precipitated 
by the onion of atmospheric masses of unequal temperature 
and humidity, may fall in a solid as well as m a liquid state. 
In the winter months, eren in England, when a decreased 
radiation reduces the temperature of the atmosphere below 
the freezing point, snow is a constantly occurring phe- 



When flakes of snow are carefully examined with a micro- 
scope, they are found to be composed of a mass of beautiful 
crystals, havinff a more or less perfect and regular shapO. 
Br. Nettis, of Middleburffh, was the first to describe these 
appearances, which he did in 1740. This obserrer veiy 
carefully delineated some of the figures which the crystaUi* 
lation presented, and of these there is an almost endless 
Tariety. But we are chiefly indebted to Captain Scoresby 
for our information on this interestm|( subject, Who availed 
himself of his opportunities, during his polar toyages, of not 
only sketching some of the most remarkable figures, but of 
measuring the crystals themselves. This gentleman has 
classified the severtd modifications of form he observed, but 
it wottki be unsuited to the character of this work to detail 
his results. 

The amount of snow falling at any place is of course regu- 
lated by the mean temperature, or, m other words, by its 
latitude, elevation, and position. According to Mr. Scoresby, 
it snows nine days out of ten during Apru and the two fol- 
lowing months in the polar regions; the heaviest falls 
always happening when a humid stratum of air from the sea 
is met by a cM breeze from the surfiice of the ice. The 
inhabitants of these inhospitable climes immure themselves 
in their hots during the most inclement season, and it is then 
necessarr to stop every aperture, so as to prevent the en- 
trance of the cold atmosphere, or the vapour of the confined 
air would be immediately froien «nd ftH aanow. 
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Snow bw been sometimea observed to take, m the polo- 
regions, a red or orange colour. This appearance is sup- 
posed b^ some persons to arise from the presenee of miiieral 
substances in the condensed Tspour, or rather the frozen 
water, while others suppose it to arise from the presence of 
animal or vegetable matter. 

Snow-rstorms sometimes present Ji luminous appearance. 
This singoliLr phenomenon has been frequently observed, and 
wp have one very remarkable instance on record. It was 
9een in the year 18l3i by a party of gentlemen on Lock 
Awe« in Argyleshire, and it not only gave to the surround- 
ing scenery the appearance of an immense sheet of fire, but 
illuminated the persons of the individuals who composed the 
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Natural snowballs are sometimes formed by the pasaag* 
pf a high wind over the surface of the fallen snow. When 
once formed, their size rapidly increases by a continued 
motion ; for, as they roll along, they collect, and sometimes 
attain a eonsidersblo size. Mr. Sherrifif states that in Feb- 
mary, 1S30, he observed many of these balls in East 
Lothian, some of which were a foot and a half in diameter. 
They were produced by a westerly wind, and had left their 
track impressed upon the snow. In one village much ex- 
posed to the west tney were exceedingly numerous. 

We can scarcely avoid a remark, which may appear to bo 
little, if at all, connected with an explanation of the fall of 
snow, though it cannot fail to assist in the proof of a stato* 
ment already made, that electricity is always developed by 
Ajtmospheric Qhanges. Snow is universally in an electrified 
state, and, as far as our own observations have extended, 
fr^nerally positive, but the condition is changed by liquefac- 
tion. There are many persons wha entertain a skeptical 
notion of the universal influence of electricity, and in tho 
present uncertain state of the science, so far, at least, as re- 
^Eurds the condition of the atmosphere, and the causes which 
influence it, they need not be at a loss for arffoments to sup- 
port their opinions. But when we discover uat so simple a 
process as that of congelation cannot be carried on without 
the development of the agent which in other states pro- 
duces some of the most av^ul phenomena we behold above 
and around us, there can be nothing very absurd in the sup- 
position that it may have something to do wit|^ many, if not 
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all, the meteoroloffical chingea. This is not meniy an 
opinion ; it is, we Uiink, wamnted bj our own ezpenmentSi 
and rendered probable by the ezpenments which have beeia 
made by others* 

tint. 

tn England we aiie foMunately little subject to Tioient hail* 
storms, and this may account for the small attention we have 
given to the subject. In the south of France they are fre- 
quent, and produce the most destructive effects : the French 
philosophers have therefore closely studied the phenomenon. 

I^m among the many theories which have been invented 
to account for hail, we may^ first of ally select that which 
was proposed by the celebrated Yolta ; a theory which alto> 
gether depends upon the admission that clouds are in oppo* 
site electrical conditions. If we take two metallic plaites, 
and place them horizontally one above the other, connecting 
the upper with the prime conductor of a machine, and th« 
lower with the ground, pith balls o&figuzes lying between the 
plates will, as soon as the upper plate is electrified, be at- 
tracted to it ;. but, receiving a part of its electricity, will then 
be repelled, because bodies having the same electric condi- 
tion repel each other. As soon as the ball or figure touches 
die lower plate, it parts with all its electricity, and is again 
attracted hf the u^per ; so that there is a consunt oscillation 
produced by the £sturbance and restoration of electric equi- 
UiHittm. Now Volta supposes the same thing to be goinff on 
in the clouds : he substitutes the hlack clouds which produce 
hail for the metallic disks, and supposes the particles of 
hail ezistiBg between then to undergo the same oscillatory 



This celebrated philosopher accoants for the first forawtfon 
of hail in the foUowing manner : — " The clouds are formed 
of hoUow vesicles, the external suifoce of which is fluid. 
The ■ myriads of these^ which form the upper surface of a 
cloud, must underffo, towards the south, a strong evaporation, 
both OR account of the mtensity of the solar rays and the dry- 
ness of the air in which they swin. -The elastic ^rapour thus 
produced by the solar heat must first saturate the dry air 
through which it passes, and at length, by the low tempera- 
ture m some superior stratum, become again reduced into a< 
vesicular state^ forming unother cloud, differing in its electric- 
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eid ednditiim from the first. The upper cloud will h«Tepoe« 
itiTO electricity, on account of that species of electncitf 
being dereloped during the precipitation of vapoar, the low* 
er having changed its character to negative, in consequence 
of the evaporation it has undergone. A diminished temper- 
ature at leng^th may produce, between the clouds, icy parti- 
cles, or hail in a nascent state, which the opposite electrical 
states of the upper and lower clouds will cause to oscillate, 
vntil, hj gathering matter from the. surrounding moistorSy 
they become at length enveloped in compact and opaque^ice, 
and attain a size which, overpowering the electric forces, 
compels them by gravity to descend." 

It has been objected to this theory, that hail s o metimes falb 
so early in the morning, that the suncould not have acted on 
the clouds except on the previous day,-and it must then be 
admitted that the hailstones began to oseilhite between the 
clouds eight or ten hours before they UXL. Arago urges • 
•till more powerful argument against the theory, when he 
asks how it is that the clouds are not brought together^ for 
they are movesble, and may be supposed to attract each other 
as weH as the hail. It might also be asked, how it has happen* 
ed that the oscillatory motion has never been observed ; tor it 
is more than probable that some traveller must,, when in 
noontainons countries, have passed between hail-clouds, er 
at least must have been so near to them as to see the motion, 
had it been existent. Artgo's objection is the only one which 
can be fairly urved against the theory, and it is fatal unless 
answered upon me laws of electrical 'attraction. 

Mr. Hanwy, to whose paper on meteorology id the Ency- 
clopedia Metropolitana we have already refernid, adapts Hut- 
ton's theory of rain to this phenomenon, and supposes that a 
difference of temperature is of itself sufficient to account for 
the formation of .hail. But to this theory it is objected, that 
hail-storms are not always most abundant in cold climates, nor 
most frequent duriuff the winter months ; that hai]<clouds are 
generally low, ahd tnat ^e hail is sometimea s» hurge as to 
forbid the supposition that they were produced by a chanse 
of temperature uninfluenced by other causes. But at the 
same tana it must be acknowledged, that hail and rain fre* 
qnently proceed from the same cloud. There is, in fact, a 
great uncertainty concerning the orisin of hail ; hct» seen 
.to-conM >«ith«aeh other ; and the Ui9otf whkh iieadUy tm 
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slams some of the cirettmstances which attend its fall, is 
iaand to be altogether inadequate for the explanation of och'' 
era. In France uid Spain it generally hails in the hottest 
part of the day« chiefly in spring and sammer, and but seldom 
ixahkg the n%ht, or^in the winter months. In the present 
great uncertainty in which all meteorologists feel themselves 
to be placed, in attempting to account for the formation of 
hail, we shall only remark, that there is some evidence of th«i 
interference of electricity in this as well as in other atmo- 
spheric changes. The electrometer is always in a state of 
flirtation upon the approach of a hail-cloud, the electric con- 
dition of the atmosphere frequently dianging from one state 
to another ten or twelve times in a minute ; and some sup-' 
pose that the rattling noise which precedes the fall of hail< 
IS attributable to the collision of the stones in differently 
electrified conditions. 

Mr. Stewart has eiven a very interesting and graphic ac- 
eonnt of a remarkaMe hail-storm in the Pyrenees. " In Au-' 
gust, 1813, the British army occupied a range of mountain 
district extending from Roncesvalies to St, Sebastian. About 
this period, the forces under Marshal Soult were anxious 
to get possession of the pass of Maya, situated at the top 
ef the ryrenees, and one of the few roads on the western 
rid^ by which cavalry or artillery can enter Spain. A di- 
fision of British infantry were ordered to take possession of 
the pass, and remain there till two o'clock : the day was very 
warm, and the sky clear and cloudless. About three o'clock, 
the summits of the adjoining hills were enveloped in a cloud 
of pitchy darkness, and leaving but an obscure light as it 
quickly passed over our heads, and producing a peculiar noisd 
among the rocks. As the troops began to descend the moun- 
tain, they were overtaken by a violent hail-shower, which 
lasted about twenty minutes, and created more alarm among 
its victims than the approaching contest. Contrary to my 
expectations, the storm was unaccompanied with either thun- 
der or lightning, while the stones increased from the size of 
a bean to that of a hen's egg. These were transparent 
masses of ice, round in form, and having on their surface ici- 
cles about the length and thickness of the prong of a com- 
mon silver fork, from this circumstance, I am induced to 
believe that the hail had been twice as large in the higher 
regions of the atBoosi^ere, and before they reached ths sur- 
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face of the earth, as the atones themselTes ; and the spiciihi 
or icicles on the suiface, had all the appearance of being par- 
tially melted down by heat. , Fortnnately, the troops had 
their backs to the storm, else man^ of them most have lost 
their eyes, and been otherwise maimed, from the weight of 
the stones, and the force with which they fell. I have heard 
some of the men say, their tin-kettles were dinged (or dmi- 
pled) by the shower ; and I am inclined to believe so from the 
circumstance of my being rendered lame for twenty-fonr hour* 
by one of them falling on my toe. The rattling of the stones 
on the canteens and kettles of the men, and their gradual^ in- 
creasing in si^e for some time, rendered the scene truly alarm- 
ing, even to those who had been in the daily habit of eacposing 
their lives to the dangers of war. I am not aware of the ex- 
tent of the shower, nor have I been able to ascertain its inja- 
rious consequences, from the French or Basque joomala; 
but from the damage done to the orchards and grains at the 
bottom of the Pyrenees, I should suppose it to have occu- 
pied a range of three miles, proceedmg from Roncesvalles 
mto the vaUey of Bastan." 

DBW. 

The term dew is employed to signify that spontaneous de- 
position of moisture which is observed on certain substances 
exposed to the air, at a time when no aqueous vapour or rain 
is apparently falling. 

Previous to the publication of Dr. Wells' " Essay on Dew," 
it was disputed among philosophers whether the phenomenon 
was produced by vapours rising from the earth, or by the 
descent of atmosphenc vi^xnir. Dr. Dufay, a French philoe- 
opher, made a very singular experiment for the purpose of. 
determining this question. He took two long ladders, and fix- 
ing them 80 that they met at the top, and were wide apart at 
the bottom, attached to the several steps large panes of glass. 
He observed that the lowest surface of the lowest pane waa 
first wetted, then the upper, then the lower surface of the one 
above it, and so on until the same effect had been produced 
upon them all. From this effect he deduced that dew is oc- 
casioned by the exhalation ^f vapours from the earth during 
the night. He afterward substituted cloth for the glasses, 
and weighing the pieces separately, imagined that he detect^ 
ed ft progressive increase of weight in the sevenl piecesi the 
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lowest being the heaviest ; bat this result, he says, was not 
so decided as in the former expeiiment. 

la opposition to this theoir, and in proof Of the descent 
of yapour, it was urged that in eloudy weather little or no 
dew IS formed. But Dr. Dufay had obserred the deposition 
of dew on the under as well as the upper surface of the bod- 
ies, a fact which seemed to be directly opposed to the sup- 
position that it owed its origin to the descent of atmosphenti 
▼apour. In answer to this it was stated, that as more rain 
falls at the base than on the summit of mountains, though 
there can be no doubt that rain falls downward, so dew may 
descend, and yet be formed upon the under surface of bod- 
ies. The appearance of dew on the lower surface before 
the upper, was attributed to the cooling of the inferior mass 
of the atmosphere before the superior. 

Neither of these hypotheses, however, can be maintained. 
Br. Wells has proved, by a most beautiful inductive process, 
founded on an ingenious though simple series of experi- 
ments, that dew is produced by the condensation of the at- 
mospheric vapour surrounding the bodies on which it is de- 
posited. We may, however, learn from the history of the 
opinions which have been entertained on this subject by mep. 
siven to philosophical pursuits, the absolute necessity of 
Duilding all our opinions upon authenticated and well-investi- 
gated experiments, fully carried out, and under the guidance 
of legitimate deductions. 

These difficulties stood in the way of the determination of 
the first question, Does the vapour producing dew rise or 
fall 1 The next subject of inquiry was still more perplexing. 
There are some substances which receive the deposition of 
dew more readily than others, and there are some on which 
it cannot be deposited ; glass receives it readily, but on the 
metals it is never formed. ** The reason of this," says a 
writer of that period, ** is probably because metals promote 
evaporation more than glass does. Thus, if a piece of nietal 
and a piece of glass are both made equally moist, the former 
will be found to dry in much less time than the latter. 
Hence it would seem that there is between metals and wa- 
ter some kind of repulsion, and this may be sufficient to keep 
off the very small quantity that falls in dew ; for whatever 
tends to make water evaporate after it is actually in contact 
with any substance, also tends to keep the water from ever 
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eoBiing m contact with it. On this subject seven! cnricNii 
particulars are mentioned by Dr. Perciral, relative to the at* 
traction and repulsion between dew and glass or metalline 
vessels. The experiments were made by M. Dufay, who^ 
in order to determine with certainty whether the difference 
between vitrified substances and metals was the same in all 
cases, set a china saucer in the middle of a silver plate, and 
on one side adjoining to it was placed a china plate, with a 
silver dish very much resembling the saucer in the middle. 
In this experiment, the china saucer was covered with dew, 
but the plate, though extending four inches round it, was not 
moistened in the least. The china plate also had become 
quite moist, while the silver vessel in the middle had not re» 
eeived the smallest drop. M. Dufay next endeavoured to as- 
certain whether a china saucer, set upon a plate of metal as 
already described, did not receive more dew than it would 
have done if exposed alone. To accomplish this design, he 
took two watch crystals of equal dimensions, and placed the 
one upon a plate of silver, the other upon a plate of china, 
each with iu concavity uppermost. That which was upon 
the silver plate he sunounded with a ferule of the same metal 
well polished, that no watery particles might attach them* 
tfelves to the convex surface of thd glass. In this situation 
he exposed the crystals for several days successively, and 
always found five or six tiroes more dew in that which waa 
on the china plate than in the other placed on the silver." 

From this quotation it will appear, that the early experi- 
menters were acquainted with the fact that dew is not de-- 
positod on all substances equally, though they were unao* 
quainted with the cause. There is a curious passage in the 
writings of Dr. Watson, Bishop of Llandaff, in relation to this 
subject. *' By the means of a little beeswax," he says, " I fas- 
tened a half crown very near, but not quite contiguous to the 
side of the glass, and setting the glass with its mouth down- 
ward on tbe grass, it presently became covered with vapour, 
except that part of it which was next the half crown. Not 
only the half crown itself was free firom vapour, but it had 
hindered any from settling on the glass which was near it ; 
for there was a little ring of glass surrounding the half crown, 
to the distance of a quarter of an inch, which was quite dry, 
as well as that part of the glass which was immediately nn* 
d«r the half ozown ; it seemed as if the sUver had xepelM 
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Ibe water to that distance. A large red wafer had the same 
nffect as the half crown ; it was neither wet itself, nor was 
the ring of glass contigaons to it wet. A circle of white pa- 
per product the same effect ; so did several other suhstan* 
ces, which it woald be too tedions to enumerate." 

The statements to which we have alluded are true, but 
the deductions founded upon them are not tenable. It is 
true that both the under and upper sides of a body may 
be covered with dew, and that some bodies receive, under 
the same circumstances, a larger deposition than others. 
The beautifal theory proposed by Dr. Wells, and now uni- 
versally adopted by philosophers, depends upon two princi- 
ples ; — the radiation of heat, and the condensation of mvisi- 
Ue vapour. Before dew can be deposited on any substance, 
it must become colder than the surrounding atmo8|^ere. It 
has been long known that dew is cold ; for, as Dr. Wells 
states, both Cicero and Virgil epply to it the epithet " geli- 
dos ;'* and Herodotus, speaking of the crocodile, says, that 
in i^^t it passes the greater part of the day on land, but 
that It passes the night in the waters of the Nile, they bein^ 
warmer than the nocturnal atmosphere and the dew. But it 
was universally supposed that dew was the cause of the cold, 
instead of which it is the effect, and is produced by the radia- 
tion which bodies suffer. 

Bodies possess different powers of radiation, dependant on 
their constitution ; metals, for instance, are, in this respect, 
inferior to vitreous substances ; and, as a general law, it may 
be stated that bad conductors, or bad reflectors of heat, are 
in seneral good radiators. But the power of radiation great- 
Iv depends upon the surface, potished surfaces radiating less 
than those which are uneven. 

In the consideration of the poenomenon in question, it may 
be necessary to mention, first of all, the facts which have 
been ascertained, and then to give a reason for them. 

1. A plate of glass placed in a horizontal position, or a 
niece of wool, receives very readily the deposition of dew. 
The pendent drops upon the delicate fibres of the gossamer 
must have been frequently observed by every lover of nar 
ture ; but no such effect is produced upon a polished piece of 
metal ; it retains its kstre, though every blade of grass may 
be dropping with the pressure of the vapour that has beisn 
condansed upon it. Bui ^y do some bMies admit the for^ 
N2 
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mttion of vapour upon them, and othen reaUt ita depoaitioiil 
All bodies radiate heat, and at all timea, bat some do ao 
more than others. Substances that have a close and com- 
pact textare do not generally radiate so readily as thoee 
which are <^en or porous ; the metals belong to the first 
class, cloth, wool, and swan'sdown, to the second. It is a 
aingolar fact, that those substances which radiate most read- 
ily are the worst conductors of heat ; and these facts lead at 
once to the deduction, that, during the night, the temperatures 
of substances must be different, and that they must, in this 
particular, be governed by their powers of radiation and con^ 
duction. These statements are easily proved by a thermomp 
eter ; for, if wool and a metal be placed under the same cir- 
cumstance, the temperature of the former will be invsiiably 
lower than that of the latter. 

2. The vapour of the surrounding air will be condensed 
upon the bodies whose temperature is lower than that of th#^ 
fiir itselC The deposition of dew depends upon the produc- 
tion of a lower temperature in the body bedewed, than in the 
atmosphere which surrounds it. Now all the bodies which nt> 
diate more heat than is conveyed to them by the earth, or any 
substance with which they may be in contact, when thus 
lowered, are covered by a condensed vapour which we call 
dew. 

But i^ has been stated, that some conditions of the atmo- 
sphere are more favourable to the deposition of dew than oth- 
ers. Clouds prevent the deposition of dew ; for as all bodies 
radiate heat, clouds do so as well as terrestrial substances, 
and therefore there is a mutual action between them — ^both 
giving, and both receiving ; and thus the temperature is in 
some degree equalised, and no dew is formed. The same 
effect wiU be produced if any terrestrial body intervenes be- 
tween the sky and the radiating substance. Even a thin wire 
gauze, suspended over a substance which readily admits iha 
eposition of dew, will be sufficient to prevent the e£fect. 
Pr. Wells, to whom we are indebted for the theory we at- 
tempt to explain, a man equally admirable for his amiable 
manners, humility, perseverance in examination, and powers 
of generalization, gives his authority to the statement :-^" I 
had oilen," he says, *' in the pride of half-knowledge, smiled 
at the means frequently employed by gardeners to pro* 
t^t tendsr pUntp from eokl, as it apiyuiedto ma impmihi* 
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ihat a thin mat or any tach flimsy subttanee could prevent 
them, from attaining the temperature of the atmosphere, by 
which alone I thou^t them bable to be injured. But when ' 
I had learned that bodies on the surface of the earth become, 
durinff a still and serene night, colder than the atmosphere, 
by radiating their heat to the heavens, I perceived immedi- 
ately a just reason for the practice which I had before deem- 
ed useless. Being desirous, however, of acquiring some pre- 
cise information on this subject, I fixed, perpendicularly, in 
the earth of a graseplot,. foar small sticks, and over their 
upper extremities, which were six inches above the grass, 
and formed the comers of a square, the sides of which were 
two feet long, drew tightly a very (bin cambric handkerchief. 
In this disposition of things, therefore, nothing existed to pre- 
vent the free passage of air from the exposed grass to that 
which was sheltered, except a cambric handkerchief. The 
temperature of the grass which was thus shielded from th« 
sky was upon many nights afterward examined by me, and 
was always found higher than that of the neighbouring graaa 
which was uncovered, if this was colder than the air." 

A house or a tree will vitiate the result t»f an experiment 
as much as a cloud, or a substance stretched immediately 
over the body that would be under an open sky bedewed. It 
must have been frequently observed bythose who have been 
accustomed to examine nature under circumstances uninflu- 
enced by the interference of the works of man, that dew is 
much less abundantly deposited over that spot protected from 
the atmosphere by the spreading branches of the forest-tree, 
than in the open space beyond them ; and, in the days of 
boyhood, they may have frequently solicited their shelter, as 
thouffh they could escape the effects which a long wander- 
ing uirougn the high and bedewed grass had already produ- 
ced. Milton, the English poet and patriot, acknowledges 
and adopts this fact, when he says — 

" Full forty days he passed, whether on hill 
Sometimes, anon on shady vale, each night 
Under the covert of some ancient oak, 
Or cedar, to defend him from the dew." 

HOAE-FEOST. 

Hoarrfrost is produced by the congelation of the dew Which 
li»f been depofltted upon bodiea. The cofideniatiim of vi^ 
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poor must always precede the foimation of hoar-irost. From 
what has been stated in relation to the cause of dew, it will 
not appear singalar that hoar-frost may be produced when 
the temperature of the air is above that which is necessary 
for freezing water. The temperature of bodies is lowered 
by radiation, or dew could not be formed ; audit may be re- 
duced so low as to freeze the water which has been conden- 
sed upon the radiating bodies. Nor is it impossible that there 
should be a frequent chan^, during a few hours, from one 
state to the other, according to atmospheric circumstances. 
But, in general, hoar-frost is formed when the temperature 
of the atmosphere is below the freezing point ; and in the 
erer-varying climate of England, this is not uncommon even 
in the summer months, though it is but seldom that the tem- 
perature remains below zero for many hours. 

The formation of hoar-frost, its abundance or scantiness, 
must be regulated by the same conditions as regulate the for- 
mation of dew. The wide-spreading uninterrupted plain, 
felly exposed to the sky, may be covered with a hoary ves- 
ture of whiteness, when the little patch of verdure beneath 
the shadow of a shrub or a tree has not a leaf with so much 
as a single crystal on its surface. This must have been fre- 
quently seen, thoueh it may not have been observed, by all 
who have walked abroad, when 

"The my-ejedmom smiles on the frost*ning ni^ht, 
Checkering the eastern clouds with streaks of light ; 
And fleckf^ darkness, like a drunkard, reels 
From forth day's pathway, made by Titan's wheels :** 

who have seen 

" The sun advance his burning eye. 
The day to cheer, and night's dank dew to dry." 

Shakapeare. 

I' 

MISTS. 

The term mist is veiv erroneously applied to all those accu- 
mulations of vapour which are visible upon or immediately 
over the surface of the earth. It is a generic designation, 
and as such may be appropriately employed ; but, at tne same 
time, it is desirable to remember that all mists are not pro* 
dnced under the same circumstances, and do not present th9 
■line appearances. 
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Mists sxe frequently, perhaps we might say usually, fonned 
^er masses of water. The cause of this is very erident ; 
and an examination of the circumstances which attend its ac- 
tiTity, will probably^ lead us to a tolerably accurate estimate 
of the agency by wHich mists are commonly produced. 

When the sun ceases to throw its rays upon the surface 
df the earth, exceedinf^ly different results are produced on 
the land and water. The earth radiates its heat rapidly ; but 
while the transmission of heat from the land is confined to aii 
immoveable surface, the surface of water is constantly chang- 
ing ; and as quickly as the one is cooled, whether by radiation 
or evaporation, it sinks, and gives opportunity for the present' 
ation of a new body of water. The superficial extent of 
>fvater is therefore continually changing, until the whole mass 
is reduced to the point of maximum density. If this be true, 
then the atmosphere resting upon the surface of water ought 
to have, and it has, a higher temperature than that which su- 
perposes the land. When these several masses of air, hav- 
ing different temperatures, and being charged with aqueous 
vapQur, intermix, a mist is produced. Sir Humphrey Davy 
states, that the mists formed over the Danube are attributable 
to these causes, and that in all his experiments, made during 
the presence of this phenomenon, he found the air over water 
to have a temperature from three to six de^ees above that 
resting upon the land ; and that when the mist dispersed, the 
temperature of the air over the land was invariably higher 
than of that over the water. 

The reader must be already aware that we are much in- 
clined to suppose that electricity has an extensive agency 
over atmospherical changes ; but it is possible to carry theo- 
letieal opinions, which are based upon well-authenticated ex- 
periments, to the brink of speculation, or to launch them upon 
Its unexplored and unfathomable waters. It does not be- 
come us to say that the opinions maintained by Professor 
Hansteen have, upon any subject, this character ; but we 
shall not be charged with presumption in stating, that we • 
cannot conceive how the polar lights can in any way cause 
the formation of mists. This highly- esteemed and discrimi- 
nating philosopher imagines the atmospheric vapour to be 
traversed by electric meteors, which have, he says, a tendency 
to give it an opacity of structure and appearance, or, in other 
words, to produce mist. 
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Dense mists, or fogs, are frequent in laige cities. Those 
who reside in London are well aware that a winter scarcelj, 
if ever, passes without the occasional appearance of this j^e- 
nomenon, which is sometimes sufficiently impenetrable to 
stay Ae progress of all the enterprise and engagements of the 
metropolis, Ukoush its environs may i>e at the same time enli- 
vened by an unclouded sky. We have frequently stood upon 
the hills which sunound the mighty city, and command a 
view of its wide expanse, and have seen it enveloped by a 
dark cloud, which could only be resembled to that which fre- , 
qnently shrouds a country that has experienced the terrible 
activity of a volcano. Nor is this confined to London. 
Fourcroy has described one which, in November, 1797, cov- 
ered the city of Paris, and was so impenetrable, that men 
came in contact with each other with torches in their hands ; 
and in Amsterdam, a fog so dense enveloped the city, at the 
close of the year 1790, Uiat upwsrd of two hundred persons 
were drowneid ip the canals, having lost their paths. 

M. Defrance states, that these fogs, which usually occur 
in winter, are to be attributed to the fall of vapours, br» 
rather, to descending atmospheric currents, which prevent 
the ascent of smoke. This is a simple, and probably an ac- 
curate explanation of the ori^ of those dense fogs which 
sometimes hang over large ciues. 

It is interesting to trace the varied effects of a physicsl 
agent, governed or directed by the constitution of the sub- 
stance upon which it acts, or the circumstances bj which it 
is affected. From the very casual examination of that prin- 
ciple called caloric, which we have made, the reader must 
have been impressed with this fact. Many of its operations, 
and phenomena known to be occasioned 1^ iu agency, can* 
not slways be accounted for by any of the principles of action 
which regulate its movements and influence. The science 
of heat is intimately connected with that of meteorology, but 
they are both in an imperfect state, and offer tempting induce* 
ipents tp the persevenng investigator. 
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CHAPTER V. 

tBSmOUEVA DBPINDANT OM TBS DISTBIBtTTtOH AMD COITDK- 
TlONl or LIGHT. 

In this chapter we shall endeavour to ffive a general de« 
scription of the most remarkable terrestrialphenomena which 
result from the conditions of light, and to explain the laws by 
which they are governed. It is not our intention to make 
any extended remarks on the opinions which have been en- 
tertained concerning the nature of lieht as a physical agent, 
a subject which has always been invMved in doubt, or rather 
in inexplicable mystery ; nor can we refer minutely to those 
physico-mathematical laws which govern its intensity, distri- 
bution, and colour, though it will be necessary to refer to some 
of these for the explanation of the phenomena that properly 
come under consideration. We will admit the existence of a 
principle called light, and that the organ it is adapted to af- 
fect is the most extensive and accurate of all the mediums of 
sense, the best calculated to add to our pleasures, and to in- 
crease our intellectual resources. From these admitted facts 
we will endeavour to trace the peculiarities which, under va- 
rious circumstances, produce the different luminous appear- 
ances around and above us. Indeed, no science is more 
worthy of investigation than the science of optics, although 
it is generally less understood than many others. By a 
knowledge of the properties of lieht, man has received a mar-, 
vellous increase to the extent of his vision ; — things too dis- 
tant or too near for the natural range of his sight, are brought 
vrithin the compass of his observation by a mechanical appli- 
cation of this science ; and, in a limited acceptation, he pos- 
sesses the power of giving sight to the blind, oy relieving the 
misfortunes of some, and the infirmities of others. 

PsonvcTioN or light. 

Light is produced under various circumstances, and by 
means which we cannot very readily explain. It has beev 



156 PHENOMENA OF LIGHT. 

supposed by some authors that light is capable of entering 
into all bodies, and that it is, in fact, a component part of 
them : and, whatever obiections may be made to this state- 
ment, there can be no doubt that many substances have the 
property of emitting light in the dark, after exposure to the 
solar rays. Thus, sulphate of barytes, Baldwin*8 phosphorus, 
and other compounds, become phosphoric after ezporare to 
light ; and it has been stated that a diamond, which, after 
being placed in the solar rays, was immediately covered with 
black wax, shone for several years after the wax was re- 
moved. But none of these substances emit light of the sams 
colour as that which falls upon them, a circumstance that 
may be attributed to a partial absorption. 

There are also some msects that seem to have the power 
of absorbing light, and its emission is in some measure under 
their own control. The glow-worm, which is the Lampyri^ 
noetifuca of Linnaeus, is common in isome parts of England, 
and shines with a strong sulphur-coloured light. This prop- 
ert}^, however, seems to be only possessed by the female, 
which is a wingless insect, and resembles in form the larv« 
of a beetle. There is, however, a species of EUUer^ a native 
of the West India islands, that is still more strongly endowed 
with this property. This insect is not more than an inch 
long ; but the light, which it emits from two transparent eye- 
like tubercles placed upon the thorax, is so intense, that the 
smallest print may be read by moving one of these insects 
over the page. It is said that the luminous insects derive 
their peculiar property from a liquor which they secrete, and 
that they lose their brilliancy if it be suflfered to dry upon the 
hand. It is not therefore true that the luminous appearance 
is altogether voluntary, and this is still farther proved by ite 
continuance for some time after the death of the insect. 

Certain fishes also possess the same property. The Pholaa 
and the Lampyris have been long known to emit phosphore»* 
cent scintillations, and the Roman epicures were accustomed 
to darken their apartments when feasting on them, that they 
might gratify two senses at the same time: 

There is another luminous appearance, commonly called 
Will-with-the-wisp, or Jack-with-the-lantem, which is sup- 
posed by the uninformed peasantry to be the visible repre- 
sentation of an evil spirit, that delights to ddude the benighted 
traveller, conducting him bj its light into bogs and morasses^ 
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and then lea'ving him to extricate himself aa he can rom hit 
perilous situation — 

" A wandering fire, 
Hovering and blazing with delusive light, 
Misleads the amazed night-wanderer from his way 
To bogs and mires, and oft through pond or pool. 
There swallowed up and lost, from succour fax.** 

Mr. Bradley supposed this appearance to be occasioned by 
a swarm of luminous insects, and Mr. Ray was of the same 
opinion. It is generally produced by the presence of phoa- 
phorated hydrogen gas, which inflames at the common tem- 
perature of the atmosphere, but It may be sometimes occa- 
sioned by a strongly electrified animal vapour. And here it 
may be observed, that the incipient decomposition of animal 
and vegetable substances is generally attended with luminous 
appearances, and this is particularly the case with fishes. 

Light is aJso given oat during combustion, and it may also 
be produced by a variety of mechanical means. When two 
pieces of lump sugar, agate, or quartz, are rubbed violently 
together, a vivid yellow light is produced. The New Zea- 
landers and other savages produce fire by the friction of two 
smooth pieces of wood, and forests are inflamed by the same 
means when two branches or trunks of trees, agitated by the 
wind, are violently rubbed together. 

Under all these circumstances light is produced, and its 
appearance would almost lead the observer to imagine that it 
is a constituent part of bodies. Some philosophers do believe 
it to be a component part of combustible bodies, an opinion 
which seems to be justified by the experiments of Dieman 
and Pacts. These chymists exposed to a high temperature 
a mixture of sulphur and zinc, excluding every substance from 
which they mignt obtain oxygen. The two substances united 
without oxidation, and formed a sulphuret of zinc, and at the 
moment of'^combination gave out a vivid light. Without ad- 
mitting light to be a constituent of combustible bodies, it is 
almost impossible to account for the variety of coloured flames 
produced by substances, and the principle of absorption would 
lead to the same result. There must, however, be some pri- 
mary source from which all the luminous bodies on the earth's 
surface derive their property, and solax liffht is that source, — 
a priiieqjlethat pervades the system of which ow little world 
O 
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u a member, emanating from, or influenced bf , the orb of 

day, and flowing, as it were, from a centre to the very boun- 
daries of its acknowledged attractive inflaence. But although 
diis principle is so widely distributed, and exerts so important 
an influence upon living animals and vegetables, we can only 
form conjectures apon its nature, our observations and ex- 

Cmments bein^ confined to its influence on bodies, and the 
ws by which it is governed under particular circumstances. 

NATtr»« or LIGHT. 

Two theories have been proposed to explain the nature of 
light, and it may be necessary to mention them. One of these 
was advanced by Newton, who supposes light to be a material 
substance, emitted in extremely minute particles from all lu- 
minous bodies ; these particles, impinging upon the retina of 
the eye, produce the sensation of light. This theory readily 
explains the greater number of luminous appearances, but there 
are some of which it does not offer a very ready explanation. 
For a long time it was universally adopted, and is still 
acknowledged by many philosophers, though it has been 
greatly superseded by the doctrine of undulations. 

It has been long known that sound is occasioned by undu- 
lations excited in atmospheric air, or some other conducting 
medium, by a vibrating body ; and, in conseqaence^ of this, 
probably, it was suggested by Des Cartes that light also 
might be produced by the undulations excited in an ether 
of extreme rarity filling all space. This hypothesis, however, 
is due to Aristotle, who supposed light to result from the mo- 
tion of a pure, subtile, homogeneous medium, or ether, excited 
by the solar rays. But it owes its present form to the suc- 
cessful labours of Euler, Young, and Fresnel According 
to this theory, the elastic medium pervades not only all space, 
but all substances, and is excited in the solar system by 
some undefined action of the sun. Professor Airy has sup- 
ported the hypothesis with the most refined analysis ; and if 
we did not know that many things pronounced mathemati- 
cally certain have been found experimentally false, we could 
not widihold our belief in the doctrine ; but it is always diffi- 
cult to speculate upon the nature of occult agents, and it 
may be doubted whether the question proposed in^ llfihon** 
beautifiil apostrophe to light has been or ever will be ao- 
•woied: — 
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**Hafl, holy light ! offspring of heaven, first-bom, 
Or ot the Eternal co-eternal beam, 
Bright effluence of bright essence increate— 
Thy fountain who shall tell ? Before the sdn, 
Before the heavens thou wert, and at the voice 
Of 6od, as with a mantle, didst invest 
The rising world of waters dark and deep." 

GBNBmAL FACTS. 

The elementary principles of a science are sometimes so 
distinctly exhibited in natural appearan<ies, that the most 
casual observer may acquaint himself with them, though he 
may not perceive their connexion or importance. But in 
other instances they can only be ascertained by close obser- 
vation or by minute analysis. Without an acquaintance with 
these principles, the student only accumulates difficulties as 
he increases his knowledge ; it may therefore be necessary 
to make a few preliminary observations in relation to the na- 
ture, habit, ana . character of light under ordinary circum- 
atances, when uninfluenced by the disturbing forces to which 
}t is subject. 

1. LigfU requires time for its jpropagaiion from the lumi- 
noug to the enligJUened body. On account of the immense ve- 
locity with which light moves, this fact could never have been 
ascertained by the observation of terrestrial phenomena ; for 
although it is true that the flash of a gun or the light of a 
beacon may be seen by a person one mile distant when it is 
invisible to a person at the distance of two miles, yet, if it 
were possible to measure the hundredths of a second with 
the same accuracy as we measure seconds, we could not 
ascertain the fact ; it is only by reference to the celestial 
bodies that we can discover the velocity of light. Aristotle 
taught the instantaneous progression of light ; and Chrysip- 
pus, the stoic, who was the successor of Zeno, says that its 
transference is like to the motion of a long rod, which moves 
equab)^ through its whole length when pushed at one end. 
For « iQng series of ages philosophers acknowledged and 
taught this error, and M. Rpemer, a native of Jutland, dis- 
covered the truth wben making observations on the satellites 
of Jvipi^er. When the earth is between Jupiter and the 8UP» 
eclipses of the satellites of that planet happen eight minutes 
thirteen sepoqds earlier than they shpuld do according to the 
ealculttions of astronomers ; and when the sun is between 



160 PHXNOMBNA OV UOHT. 

the euth and Jopiter, diey happen eiriit murates thirteen 
•ecoixU later. Tiieae resulu can onlj be accounted for hj 
admitting the progresaive motion of liefat ; and light, requiring 
abont 16| minntea to croaa the <»bit of the earth, conaeqaently 
tnvels at the rate of 198,500 milea a aicond. Roemer'a oh- 
aerrations have been aince confimed bj the reanlu obtained 
bj Bradlej, in hia calculation of the aberration of the 6xed 
atara, more eapecially of x Draconia, which fixea the Telocity 
of light at 191,515 miles in a second. 

3. lAgki moveM ta Miraight lineM. If we take a aeries of 
metallic platea or cards, each plate haying a small aperture, 
we shall not be able to see through the holes unless mey are 
placed in a rijg;bt line, nor can we see through a bent tube ; in 
this respect light differs from sound. The form of the shadows 
of bodies also proyes that lieht moves in straight lines ; for 
when they are receired on j^ane surfaces they nave a figure 
similar to the section of the body which casts them. 

8. Light proceed* in all directwnt and from every part of 
the luminous bod^. Thus, if a ray of direct light pass from a 
luminous body through an aperture upon a screen in a 
darkened apartment, a representation of that body will be 
formed upon the screen, so that rays of light are thrown in 
every direction and from every part of the luminous sub- 
stance. 

It has been stated that tight moves in straight lines ; but 
there are certain circumstances under which it may be affected 
by forces dependant on the constitution of bodies, and com- 
pelled to deviate from the paths it would otherwise take. 
Light may, in fact, be either reflected or refracted ; it may be 
arrested m its progress, and thrown back into a direction 
opposed to that in which it was moving ; or it may be bent 
from its right line, and compelled to move in some other 
right line or in a curve. 

KBFLKCTION. 

The fact that light is capable of reflection was known from 
a very early period. In the writing of Moses, mirrors or 
looking-glasses are mentioned as being constructed of brass, 
and used by the Israelitish women. The Greeks are well 
known to have been acquainted with the reflection of light 
bj polished aurfaces. Callimachus, the Cyrenean, says in 
ik Hymn to Pallaa, ** She never looked into water or a minor 
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of orichalcum/' the word orichalcum being usually translated 
a dark-coloured brass. In those ancient poems ascribed to 
Homer, frequent allusion is indirectly made to the effects 
produced by the reflection of light. To take but one example, 
-we may refer to the poet's beautiful description of the lance 
and breastplate of his hero Achilles, in the twenty-second 
book — 

, " The Pelian javelin la his better hand 

Shot trembbng rays, which glittered o'er the land ; 
And on his breast the beamy splendour shone, 
like Jove's own lightning or the rising sun.'' 

In one of the fables of ^sop an optical effect is described, 
which of itself might lead us toimagme that the Greeks were 
t)etter acquainted with the science of optics than mi^ be 
imagined, had we not evidence of their knowledge. There 
is a result well known to opticians, that images reflected 
from a plane surface appear as far behind that surface as the 
body itself is before it. uEsop must have been acquainted 
with this fact when he wrote the beautiful fable of the dog 
and his shadow. 

Aristotle supposed twilight to be occasioned by the reflec- 
tion of solar light by the atmosphere, and maintained that a 
similar reflection prevents shadows from appearing totally 
black. This celebrated philosopher also stated that rainbows 
and haloes were produced by the same influential cause. 

Euclid of Alexandria, who liv^d one hundred and eighty 
years before Christ, wrote a work on catoptrics, or the reflec- 
tion of light, which is supposed to be lost, as the volume that 
bears his name, is not characterized by that elegance and 
accuracy which distinguish the works of the author of ** The 
Elements of Geometry." 

In mentioning the names of some of the most celebrated 
ancient philosofHiers who were acquainted with the reflection 
of light, we cannot omit that of Archimedes, for his burning 
mirrors will never be forgotten as long as science is esteemed 
by men. Some writers in modem times have treated the 
story as a fable ; but the united testimony of Lucian, Easta- 
thius, Zonares, and others, is sufl^icient evidence to remove 
the most scrupulous doubts.' An ancient historian says, 
** When the fleet of Marcellus was within bowshot, the old 
muh Arclamades, brought an hexagonal mirror, which ho 
03 
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had praTioaslv prepared ; and at a proper diatance firom this 
he placed other small mirrora of the same kind, made to 
move in all directions on hinges, the which, when placed in 
tiie son's rays, he directed on the Roman fleet and reduced 
it to ashes." Eusiathius, the Archbishop of Thessalonica, 
in his commentary on Homer's lUad, says, " Archimedes by 
means of a reflectinir mirror burnt a Roman fleet at the dia- 
tance of a bowshot." If any other evidence were necessary 
to prove that Archimedes did that which is attributed to him, 
the testimony of Zonares, the historian, might be adduced, 
who informs us that Proclus, in imitation of what Archimedes 
had done at Syracuse, burnt the fleet of Vittelion at ^e 
siege of Constantinople ; and that the instrument employed 
was a reflecting mirror, composed of twenty-four small plane 
reflectors, which, directing the rays of the aun to one point, 
excited an intense heat. 

But if we had no written evidence of the attention paid br 
ihe ancient philosophers to the phenomenon of reflection, it 
would be impossible to suppose the early inhabitants of the 
earth to have been unacquainted with the fact. If they had 
been unattracted by every other natural appearance, th^ 
co\dd not have failed to observe the rising and setting sua 
reflected from the peaceful bosom of lakes, rivers, and oceana. 

The effects produced upon light by reflections from the 
aozface of bodies, depend upon the form of the surface frotia 

A 




which they are reflected. There is, however, one general law 
by wluch the result is always governed ; for although parallel 
lays ialUog upon a concave sutface axe ooaverged, aoid upon 
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a convex surface direrged, yet in eveiy cate the ftng^e of 
reflection is equal to the angle of incidence. To piove thie 
statement we must refer to a mathematical diagram. Let A 
B 6 be the direction in which a ray of light is moying, and 
CDs plane mirror by which it is stopped and reflected, it 
win pus off in the direction B F, and the angle ABE, which 
ia the angle of incidence, will be equal to the ande £ B F, 
which is the angle of reflection. But if a ray should fall upon 
ihe mirror in a direction perpendicular to the reflecting sur- 
lace, it will be thrown back m the same line as that in which 
it came, though in an opposite direction. 

BBFBAOTION. 

The phenomenon of refraction, or the influence of fluids in 
bending the rays of light from their usual direction, must have 
been observed as early as those appearances which result from 
reflection. The bent or broken appearance of a stick, or the 
stem of a plant, when plunged into water, must have been fre- 
qaently noticed, and it is possible that the whole science of 
dioptrics may have arisen from this observation. 

When light passes through a fluid medium it is bent, or 
refracted, from its rectilinear path, the amount of refraction 
being always governed by the nature of the substance. There 
are some fluids that refract more than others, but still there is 
a general law which holds good in all cases in relation to the 
same medium. Alcohol refracts light more than water, oil 
more than alcohol, and glass more than oil. But, on whatever 
medium a ray of light may fall, there is a constant relation 
between the sine of the angle of incidence and the sine of 
the angle of refraction. This law may be otherwise expressed 
iSi the following manner ; when any two rays of light fall 
npon the same medium at different angles of incidence, the 
smes of Uie angles of refraction will have a constant propor- 
tion to the sines of their rec^ctive angles of incidence. 

Let A B be the surface of a medium having a greater den- 
sity than that by which it is superposed -, and let C D, H D« 
be two incident rays, and D F, DE, their resnective refracted 
nty* > ^ ^ '^ A H are the sines of the angles of incidence, 
and e £, / F, are the sines of the angles of refraction. Now, 
it may be proved by experiment, that there is a constant re« 
lation between the sines of the tndes of refraction and the 
1 of the angles of incidence. The proportion in water 
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is as 1.336 to 1, and whether the ray has the direction C D, 
H D» or any othei^ it will remain constant ; g C will havo 
that relation to ^ £, and A H to / F. 

JO 




AH the effects produced upon light by its passage through 
gases, liquids, and lenses, are to be traced to the existence 
of this law. In some cases parallel rays are conveiged, and 
in others diverged, but the student may always determine 
what efifect will be produced by a consideration of the funda- 
mental law, at the same time bearing in remembrance that 
wl^en tight passes out of a rare into a dense medium, as from 
Air to w^tef, the angle of incidence is greater than the angle 
oi refraction ; but when out of a dense into a rare medium^ 
as from water tp air, the ang^e of incidence is less than the 
.angle of refraction. 

There are many phenomena in external nature which result 
from the reflection of light, for nearly all substances posaeae 
the power of reflecting, in some degree, the light which &lls 
upon them- Some rocks seem to he, if we jnay use the ex- 
pression^ almost impermeable to light, and reflect a sreat 
portion of that whicn falls upon them. The intensity of \h» 
reflected Ug:ht from chalk, and from some hmestones and 
sandstones, is, in an unclouded summer's day, too intense for 
the eye to bear with quiet ; and there are other rocks whose 
colour assures us that they stifle all the li^ht incident on their 
rarfapes .; yet it is quite certain that the mtensily of light in 
districts, at least, is in some measuxe produced by terrestrial 
Inflection. 

7be atmosphere and clouds, also, have some influence in 
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prodncing the present illaminated condition of the earth's 
surface. If there were no atmosphere, the solar lifiht could 
only illuminate that spot on which it actually fell, and aU 
beyond it would be enveloped in impenetrable gloom, for the 
straying rays reflected by terrestrial substances could only 
throw an uncertain light around the edge of the spot on which 
they fell ; but by the diversion of the solar rays, in conse- 
quence of repeated atmospheric reflection, the light is scat- 
tered abroad, the gloom which would have been otherwise 
produced is dissipated, and we behold Nature in all her most 
Bplendid teints. 

But as heat is blended with light, so this repeated reflectior 
must tend to raise the temperature of the atmosphere, which 
in some cases acts as a conductor, and heat is carried from 
clime to clime on the wings of the wind. The temperature 
of a mass of air resting upon a spot of the earth's surface is 
then in some degree regulated by the amou4t of reflected liffht 
which it receives, for calorific rays are blended with the lu- 
minous, and are equally capable of reflection. 

Many of the phenomena observed around and above us are 
results of refraction. The earth is surrounded hj an ocean 
of gas, in which it is, as it were, floating ; and this body of 
elastic fluid has a great efiisct upon light, bending the rays 
out of their course, and causing all celestial phenomena and 
bodies to i^pear in a false situation. This effect would be 
produced if the atmosphere had uniform density throughout, 




but its density increases with its nearness to the surface of 
the earth, and consequently a ray of light is more and more 
refracted from the moment it enters the atmosphere until it 
reaches the earth. 
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^t S S represent the surface of the earth, and abe tuc* 
cessive layers of the atnu>sphere, the lowest being the most 
dense, and let R £ be the direction in which a ray of light 
from a star would pass td the earth, if there wdre no at- 
mosphere ; bat in consequence of its having to move through 
the air, it is bent out of its course in a curvilinear path, aiS, 
instead of reaching the eye of an observer situated at £, it 
strikes upon the point O. But an observer situated at O 
would not see the star in its real position ; for it is a law in 
optics, that an object is seen in the direction of the ray at the 
moment it enters the eye, and therefore the object will appear 
to be situated at a greater height than it really is, as at r, and 
this is the constant effect of atmospheric refraction. The 
same cause will also explain the statement frequently made, 
that a celestial body may be seen for some time after it has 
descended beneath the horizon ; for the rays of light proceed- 
ing from it entering the atmosphere, are refracted, and meet 
the eye of the observer in such a direction as brings into 
sight bodies which are considerably below his horizon. The 
amount of refraction increases Crom the zenith to the horizon, 
being at the latter equal to about 33', a quantity very appre- 
ciable. 

The direct beneficial effect of this atmospheric refraction is 
to lengthen the duration of celestial lifht, by prolonging the 
activity of the sun and moon. But the deceptive positions 
it gives to celestial phenomena have a tendency to derange 
the calculations of astronomers. Tables have been formed 
by which the error may be in part corrected, but it may be 
doubted whether the tables are in all cases adequate for this 
purpose. It may appear a simple problem to determine the 
vanable amount of refraction from tne zenith to the horizon, 
but there are many difficulties connected with the investiga- 
tion. The amount of refraction depends upon the density, 
and the density is variable ; for, though it decreases with 
its height above the earth's surface, yet the aniount of its 
decrease is not accurately known, being subject to those 
changes which are produced by a local or general alteration 
of temperature. But this is not the only cause which affects 
the amount of refraction, for the atmosphere is unequally 
loaded with vapour at different times, and the presence ftnd 
qi^antity of the vapour sensibly affect the refracting power of 
U0 atinosphere. 
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Twilisht is a phenomenon produced hj reflection. When 
the 8un has descended so low beneath the horiion as to give 
DO opportunity for the influence of direct rays by refraction, 
the solar beams, passing over the earth's surface, strike upon 
the atmosphere, or the clouds which float in it, and are f6« 
fleeted downward, producing that secondsry iUmnination 
called twilight ; the effect of which is to shorten the dura- 
tion of darkness, by prolonging the apparent cmitinuance of 
the sun above the horizon. Such, at least, is the eiplanatkm 
which may be given upon the admission of the materiality of 
the agent. Upon this subject we must be silent, for it is 
useless to contradict that which cannot be disproved *, but it 
may be remarked, that if light be an inconceivably minute 
ethereal fluid, such as the aavocates of the theory maintain, 
there is nothing remarkaUe in the circumstance that the air 
itself should be able to oppose its proffress, reflect it, and illu- 
minate the earth's surface with its indirect rays. . 

Sir John Herschell's demonstration of this phenomenon is 
so beautiful and ex|^icit, that we may be permitted to quote 
it : — " I^et A B C D be the earth : A is a point on its sur- 
face where the sun S is in the act of setting ; its last lower 
ray, SAM, just grazing the surface at A, while its superior 




rays, S N, S 0, traverse the atmosphere above A without 
striking the earth, leaving it finally at the points P Q R, after 
being more or less- bent in passing through it, the lower, 
most, the higher less, and that which, like S R O, merely 
grazes the exterior limit of the atmosphere, not at all. Let 
m oonaider A B C D. each more remote than the last from 
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A, and each more deeply inyoWed in the earth's shadow, 
which occupies the whole space from A, beneath the line A 
M. Now A just receiyes Uie sun's last direct ray, and, be- 
tides, is illuminated by the whole reflective atmosphere, P Q 
R T. It therefore receiyes twitight from the whole sky. 
The point B, to which the son has set, receives no direct 
solar liffht, nor any, direct or reflected, from all that part of 
its yiflible atmosphere which is below A P M ; but from the 
lenticular portion, P R X, which is trayersed by the sun's 
lays, and which lies above the visible horizon B R of B, it 
receives a twilight, which is strongest at R, the point imme- 
diately below which the sun is, and fades away gradual^ 
towards P, as the luminous part of the atmosphere thins off. 
At C, only the last or thinnest portion, P Q ar, of the lenticu- 
lar sequent, thus illuminated, lies above the horizon, G Q, of 
that place : here, then, the twilight is feeble, and confined to 
a snnll space in and near the horizon which the sun has quit« 
ted, whUe at D the twilight has ceased altogether." 



In consequence of ihe variable temperature of the atmo- 
sphere, it has different refractive powers, and this is the 
usual cause of that phenomenon called miraee. Light paa- 
sin|[ through a vacuum, or a medium of equal density, moves 
in right lines ; but when it enters a medium of different den- 
rities, in curves. If a ray of light passes from an attenuated 
to a vexy dense medium, a portion of light will be reflected, 
snd a part refracted. These several causes acting upon 
li^t, bending and distorting its rays, produce a variety of 
singular optical deeeptions, sometimes throwing the images 
of Dodies upon dense clouds, and at other tunes investmg 
tenestrial phenomena with unnatural and almost magical ap- 
pearances. 

In all climates exposed to an extreme temperature, whether 
of heat or of cold, the results of unequal refraction are ob- 
served. In the deserts of Africa the traveller is often sur- 
rounded with appearances which> cheer his drooping spirits, 
with the expectation of soon reaching a place where he may 
rest himself under the shade of a verdant foliage, and bathe 
himself in cool streams or widely-expanded lakes ; but he 
gazes on an aky vision, which is less substantial than the 
' reload. And sothe ehilkd tiiv«lleriB aretie efimes 
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beholds before him mighty cities, with their battlements and 
towers, which, alas ! can give him no shelter, for they are but 
the distorted forms of the iceberg, and the snow-capped pin- 
nacles of barren rocks. 

M. Monge, who accompanied the French army into Egypt, 
states that in the desert, between Cairo and Alexandria, the 
image of the sky was so mingled with that of the sand as to 
give the appearance of a rich and fertile country. The trav- 
ellers seemed to be surrounded with green islands and exten- 
sive lakes, together forming a beautiful landscape in the 
midst of a satady plain. But in vain did the exhausted party 
press forward to reach this happy spot, for neither the islands 
nor the lakes were there, nothing but a continiiation of the 
same heated desert over which they had passed so wearily. 

Dr. Clarke observed a very similar appearance near Ko- 
ietta. The city seemed to be surrounded with a beautiful 
sheet of water, and the Greek interpreter, who accompanied 
the traveller, could not be persuaded that the appearance was 
a delusion ; but they reached Rosetta without finding water, 
and when they looked back upon the country over which they 
had passed, it appeared as a vast blue lake. 

In more temperate climes this phenomenon is sometimes 
observed. Dr. Vince has given a description of an appear- 
ance of this kind, which he saw in 1798 at Ramsgate. The 
topmast of a ship approaching the shore was just seen above 
the water in the horizon, and, immediately above it in the sky, 
two images of the whole vessel, one erect, and one inverted. 
Bat, as die ship came into view, the images became less dis- 
tinct, though they were both visible after the ship had risen 
above the horizon. 

From the description already given of refraction, it is easy 
to determine how a single upright image of a vessel below 
the horizon might be formed, but it may not be so evident 
how the inverted image is produced. The sun is seen after 
it has descended beneath the horizon by ordinary refraction, 
or, rather, m consequence of the refraction x>f the atmosphere 
resulting from the common vttriation of density. But when 
a mass of air has its density increased or diminished by local 
causes,, then an uncommon refractioh is the result, and the 
line in which the light moves bein? more convezed than 
usual, the object is proportionally thrown upward,, and an 
erect iojlge may be seen at a great apparent distance above 
P 
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(he horizon. The inverted image is produced by the crjis* 
•ing of the rays before they reach the eye ; that is to say, the 
light from the hull of the vessel is so curved, that it crosses 
that which proceeds from the masts before reaching the eye, 
and consequently the image is inverted. To produce this 
appearance, a peculiar constitution of atpaosphere is required, 
but it is not necessary that we should enter upon this ques- 
tion at present. 

Many instances of the appearance of- ships in the air are 
upon record, but the images are generally described as be- 
in^ in an upright position. Three persons have described 
this phenomenon, as seen in different places during the year 

ie62. 

Dr. Vince also states, that at Ramsgate he has seen the 
four turrets of Dover Castle over a hill between Dover and 
Ramsgate. But the most remarkable case mentioned by 
this eminent philosopher, was that which he observed on the 
evening of the 6th of August, 1806, when the image of > the 
castle was so vividly projected on the Ramsgate side of the 
hill, that the hill itself could not be observed through the 
image. 

The Brocken, a peak of the Hartz Mountains, which rises 
to the height of about three thousand three hundred feet 
above the level of the sea, has been, for centuries past, the 
site of spectral appearances. M. Haue has, unfortunately 
for the lovers of the marvellous, enabled the natural philoso- 
pher to explain the cause, and has thus divested the site of 
all that interest which arises from a belief in supernatural 
visitations. This philosopher bad been long anxious to view 
the phenomenon, and had ascended the mountain many times 
for the pur])ose, but without success. On the 23d of May, 
1797, he was early on the summit of the mountain, waiting 
the sunrise ; and, about four o'clock in the morning, the lu- 
minary made its appearance above the horizon. The dty 
was clear, and the rays of the morning sun were tinging the 
summit of the hills with its golden hue, when he saw on a 
cloud, in a direction opposite to that on which the sun rose, 
towards the Achtermanshoe, a gi^tic human fi^re, with 
his face towards him. While gazmg on the prodigious spec- 
tre with a feeling not free from terror, a sudden gust of wind 
threatened to blow away his hat ; but lifting his hand to detain 
it, he saw the spectre mimic his action, and was at once 
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freed from the terror which had already crept upon him. He 
then changed his attitude and place, and found that the figure 
always foUpwed his motions. M. Haue was then joined hy 
a person who had accompanied him to the top of the mountain, 
when a second colossal spectre made its appearance, and soon 
afterward a third. The figures first seen yrete evidently pro* 
daced by the projection of the shadow of the two persons 
upon the clouds by the horizontal rays of the sun. The ap- 
pearance of the third figure was, no doubt, caused hj the duo 
plication of one of the figures by the unequal refraction of the 
atmosphere. 

The fata morgana is another illustration of the same illu- 
■ive appearance. This curious phenomenon is seen at the 
pharos of Messina, in Sicily, and has, for centuries past, been 
celebrated in the annals of superstition. A spectator, stand* 
ing on an elevated place in the city of Reg^o, commanding a 
view of the bay, with his back to the rising sun, may often ob- 
serve, when the rays form an angle of about 45^ with the 
horizon, the objects on the shores vividly painted on the sur- 
face of the water. Palaces, castles, towers, and arches, are 
distinctly refieeted from the surface of the water as from a 
mirror ; and men, horses, and cattle are seen rapidlv passing 
ftom place to place, presenting together a beautiful picture, 
which the spectator gazes upon with a feeUng of superstitious 
admiration. 

Similar appearances have been frequently seen upon the 
lakes of Ireland, with all of which some legends are connect- 
ed. The story of 0*Donoughoo, who haunts the beautiful 
Ijake of Killamey, is well known to those who are lovers of 
the marvellous. O^Donoughoo was a celebrated chieftain, 
who possessed the art of magic. Being strongly solicited by 
his lady to fftve her some proof of his skill, he assumed the 
shape of a demon, and, her courage failing, he sufifered for his 
temerity, and disappeared. Ever since he has been accus- 
tomed to ride over the lake on a horse shod with silver, his 
punishment being to continue the monotonous exercise until 
the shoes are worn- out. On the morning of the Ist of May, 
thousands' assemble around the lake to see him, and there 
can be no doubt that the figure, said to have been observed 
fay credible travellers, is the shadow of s man on horseback 
nding upon the shore. 

Mr. Scoresby has mentioned in his " Account of the Arc* 
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tic Regions- ' several curioas instances of unasnal refnetioB, 
observed by him during his polar voysges. While sailing 
along the coast of Spitzbergen, with an easterly wind, he ob- 
served a singular transformation of the Foreland, or Charles's 
Island. There seemed to be . a mountain in the form of a 
slender monument, and near it a prodigious and perfect arch, 
thrown over a valley, at least a league in breadth. This 
scene, however, did not last' long, but was presently followed 
by the appearance of castles, spires, towers, and battlements, 
which changed their forms so rapidly, that the metamorphoees 
seemed as' though they were the work of an occult agent. 
"Every object," says Mr. Scoresby, ** between the norUi- 
east and southeast points of the compass, was more or lest 
defqni\ed by this peculiar refraction." 

At other times, Mr. Scpresby observed similar results pro- 
duced, and, from the .whole of nis observations, he deduces : 

1. That the eflects of unusual refraction occur in the even* 
ing or night after a clear day. 

2. That they are most frequent on the commencement or 
approach of easterly winds. 

3. That the mixture, near the surface of the land or sea, 
of two streams of air, having different temperatures, and the 
irregular deposition o( imperfectly condensed vapour, are the 
causes of these phenomena. 

Man is given to superatition ; and the unassisted senses 
being frequently incapable of giving accurate information as 
to the authenticity of the natural appearances by which he is 
surrounded, sometimes aid the innate propensity, and lead to 
erroneous conclusions. Yet all the sensations by which we 
become acquainted with material existence, are produced by 
sztemal nature acting upon the organs of sense ; and we are 
tonsequently exposed to deception, either ffom the accidental 
construction of the organs, or the false impression conducted 
to them by the objects which act on them. Thus it is t^t 
the sensations proiduced by natural phenomena, uncorrected 
by a philosophical examination of causes, may encourage the 
superstitious feeUngs of our nature ; snd in this way we 
may account for many of those opinions which are to be fonnd 
among the illiterate in all nations. . 

We are not, however, on this account, to discard the testi- 
mony of our senses, but to receive it with care, if not with 
auspicioxL The conditions under which the senses are acted 
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ri shonld be considered, and the capabilities of the organs 
Id not be overrated. The senses are not the caases of 
the deception in the appearances which have been described, 
baft they are the agents by which the deception is conveyed 
to the mind. To correct the errors which are not compen- 
sated for by the senses, is one of the objects of natural phi- 
losophy. We are deceived by the phenomenon of refraction, 
becaase the eye is nnable to detect the manner in which the 
appearance is transmitted to the or^an of sight. By ex- 
periment, it is discovered that in passmg through a fluid me- 
dium the rays of light are refracted, and hence we infer that 
the same effects must be produced when they pass through 
the atmosphere. The eye might have been for ever fixed on 
the heavenly bodies, without discovering that their apparent 
is net their real place ; and we might stilfimagine the heavens 
to have a diurnal revolution round the earth, if experiment 
and extended observation, guided by reason, had not discov- 
ered the circumstances under which our senses 'are acted 
upon. But it must not be supposed that the organs of sense 
are insufficient for the purposes for which they were formed. 
Such a sentiment would be derogatory to the skill displayed 
in their construction, and their adaptation to the nobler prin- 
ciples of our nature. The organs of sense are sufficient to 
e&able man to supply bis wants, and to gather pleasure from 
external nature ; and, if we may be deceived by appearances, 
the improvable reason may detect the error, and explain the 



COMPOSITION OF LIGHT. 

It mi^ht be supposed, by a person unacc^uainted with the 
facts which have been ascertained by experiment, even by an 
intelligeot observer, that solar light is a white homogeneont 
substance. But it has been proved, both by analysis and re- 
composition, that it is composed of seven elements, if we 
may so express ourselves, characterized by different proper* 
ties and ^colours. The colours of the elementary parts of 
solar light are red, orange, yellow, green, blue, indigo, and 
▼iolet. Now there are two ways in which this statement may 
be proved ; that is to say, by refraction and by absorption ; ua 
of thete wo any speak separately. 
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DBooMrottnoN or LiasT bt KivBAcnoir. 

Sir fcaae Newton diaeovtered the compoeition of wfaittt 
l^t, and he employed the procesa of refnetioii. If a lay of 
solar light be adautted into a dark room, thronsh a iDiall 
bole in the window-shatter, of otherwise, it wiU pnisoe • 
rectilinear course, and a small round white root will he fcnrmed 
at the opposite side of the room. Bnt ii a glass piism be 
placed between the shutter or screen and ihSt side of the 
room on which the white spot is formed, in snch a inMnt|i*r 
that the ray of light mast pass through it, entering at one 
sorface and emerging at the same angle from the second sur- 
face, then, judging from the laws of refraction, We might 
suppose that it woald be bent out of its course, and that the 
little white ftpot would be shifted to another place ; in fact, 
that an effect would be produced upon the light similar to 
that which is occasioned b; its passage through air, water, 
and other transparent substances. , But this is not the effect 
produced ; for mstead of a small white spot, an oblong image, 
called the solar spectrum, is formed, consisting of seven col- 
oars, in the following order : red, orange, yellow, green, blue, 
indigo, and violet. These colours may be produced with 
great brilliancy, but they are not equally bright ; and it is Ex- 
tremely difficult to determine the limits of the several colours, 
the gradations are so imperceptible from the shading off of 
one colour into another. 

This will perhaps be better understood by an eiplanatiOA 
of the following diagram : s ray of light R R, admitted 




fhrough a small aperture H, into a dark room, may be sup* 
posed to fall upon a screen, where it will form a white spot 
of nearly the same size as the aperture through which it it 



PHXNOMSNA OF LIOHT^ 175 

admitted. But let a gUet prism, ahe,he interpoeed between 
the ^)ertaie and the screen, and in such a position Ibat the 
ray may fall on the surface b e, and emerge from the surface 
« e at equal angles, and the ray will be not only deflected, bat 
decomposed, and a jcoloured image of the sun will be formed 
on the screen S S. 

Having ascertsined that white lij^t is ci^Mble of decom- 
position, a new subject of inquiry is immediately saggested 
io die mind : is it not possible that the component rays them* 
eelyes may be compound, and jthat the same process which 
decomposed the white light may also decompose themi Sir 
Isaac Newton made the experiment ; but after examining each 
coloured ray, making them in. their order to pass through a 
small bole in the screen, and to fall upon a second prism 
placed behind it, be discovered that the Toloure- could not be 
again decomposed, but obeyed the common law of refraction, 
iStA which governs white light under ordinary ciicnmstancesk 
From these results it may be deduced, that the coloured rays 
reiplting from the decomposition of white light are homoge- 
neous, and they are therefore called the primary colours ; 
while those which are formed by the combination of two or 
more prim»y rays are denominated secondary. 

Only one thing is now necessary to fully prove the coi^ 
pound nature^ of white light, and that is to recompose the 
seven colours, and to produce from them the original colour. 
To accomplish this object, take a second prism, made of the 
same Idnd of glass, and having the same refracting angle, and 
place the two together so that they may form a parallelo- 
gramic figure, and dl the seven rays that are produced by 
.analysis with the first prism, are reunited and combined by 
the second, a single white spot beinff formed. In this ex- 
periment the separate results may be distinctly seen ; the de- 
composition by the one, and the composition by the other. 

TWt the seven primitive colours produce white light may 
be proved by paintin|g a circular board in such a manner as to 
xepresent the intensity and prop<Mrtion of the seven colours. 
When this board is put into rapid revolution, the primitive 
■colours are resolved mto an almost pure white. . 

DICOMPOSITION OF LIGHT BT ABSOXPTION. 

Having^proved the compound nature of light, both by anal- 
yais and iynHimm, it will be oxilj necessary to state that 
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light may be decomposed by abiorptioD. Wlien light hOg 
upon a traneparent body, one portion it transmitted through 
it, another is dispersed by irregular reflection, whUe a third is 
stopped, or absorbed, by the substance itself. There are 
some substances that seem to mye an equslly ready passage 
to all the component rays of white light, while otfiers absorb 
some particular ray in preference to others, as though they 
had some powerful affinity for it. There are, however, no 
perfectly transparent bodies, as, on the other hand, there are 
none that do not possess the property in some degree ; both 
water and air, though they do not retard one ray more than 
another, absorb a portion of the light that enters diem ; and 
the densest metals may be beaten so thin as to give a pas- 
sage to some portion of an incident ray. 

Many philosophers have entertained the opinion that only 
a part of the seven colours composing the prismatic spectrum 
are primitiTe. Dr. Wollaston maintained that there are only 
four primary colours, red, green, blue, and violet ; and Dr. 
Young enumerates three, red, yellow, and blue ; in which 
analysis Sir David Brewster coincides. The last mentioned 
philosopher has examined the spectra produced by vaiioos 
iMMlies, and the changes they undergo when viewed through 
differently coloured media, and discovered that the colour of 
eveiy part of the spectrum may be changed by the action of 
varying media. From his experiments generally, he deduces 
that the spectrum consists of three equal parts, v^iich are 
severally red, yellow, and bhie. 

COLOUR OF BOnilBS. 

Coloixr is not an inherent property of bodies, for any sul>- 
stance may be made to impress the eve variably, according 
as it is plwed in one or the other of the prismatic rays. A 
body may be yellow in white li^t, but placed in the red lay 
it will be red, and in the violet it will be violet, a new colour 
resulting from a change of circumstances. It will therefore 
follow, that the colour of any substance will be regulated by 
the colour of the ray that it reflects. From what has been 
said concerning absorption, it will be evident that this theory 
proposed by Newton will, in many cases, readily account 
for the infinite variety of shades that are observed in nature 
and artificial objects, resulting from the intermixture of rays 
one with waothery in all possible proportions. But tlui 
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theory can be only applied to one class of phenomena, and 
does not at all aid us in explaining the colours of fluids and 
transparent solids. In some instances colour is produced by 
the peculiar property which the bodies have of stifling or ab- 
torbmff rays of a certain colour, while they suffer the pas- 
sage of others without exerting any detaining influence upon 
them. But whether colour be produced during the process 
of reflection or refraction, the result being in some cases de- 
pendant on the one, and in some on the other, we cannot but 
admire the ffreat variety of appearances that are produced by 
comparatiyely simple means. The ever-varying teints of 
leaves and of flowers, of feathers and of furs, might well be 
supposed to result from a complication of causes almost be^ 
yond the reach of human ingenuity to discover, and yet we 
may account for all that we see when we know the principles 
of reflection, refraction, and absorption. Water and air, in 
small quantities, are white, because they absorb all the rays 
equally, and yet transmit a large portion of each ; coal is 
black, because it absorbs and stiles all the rays that impinge 
upon it. If the infinite variety of colour which we observe 
in nature did not exist, then all the forms, howeiver beautiful, 
which decorate the earth, would lose their charm, and the 
eye would ever rest upon a dull monotonous scene, incapable 
of exciting a single feeling of interest. 

COLOUK or THB CLOVDS. 

There is as much beauty of colouring in aerial as in ter- 
restrial scenery.^ It is scarcely possible to trace the succes- 
sions of colour in clouds, whether in the light and resplen- 
dent hues of the evening clotid, or in the deep and sombre 
teints>of the threatening nimbus. These varied appearances 
are produced by the absorption, refraction, and rejection of 
light. 

Light, in its passage through the atmosphere, is in part ab- 
sorbed, and the amount transmitted is in- some deeree 
governed bv the density of- the medium through which it 
passes ; and hence it follows, that when the rays of light im- 
pinge upon a thick cloud, they are but feebly transmitted. It 
must (i^ve been observed that the edges of clouds are gen- 
erally much more luminous than their centres, which may be 
traced to the thinning of the body of tapour at its edges, so 
that W0 may detennine the density of a cloud by its colour. 
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This same causa, absorptipn, may inflaence the colour of 
clouds by the abstraction of a portion or the entire of one mr 
more constituent rays. Atmospheric vapour may be variously 
constituted, and its effects on light may be differeot, accord- 
ing to its character and -mode of combination ; thus, one 
cloud may absorb the blue, and another the red rays, or such 
proportions of each may be successively taken sway as shall 

f reduce a rapid and evanescent series of resplendent colours. 
t is scarcely possible to determine virhat those changes of 
constitution may be which assist in the production of ul that 
variety of colouring and blending of shades which distinguish 
clouds ; but whatever may be the source of those changes 
which pass over the vapour itself, its action upon light may 
be traced to absorption. 

The position of clouds in relation to the sun has no small 
influence in occasioning those rapid changes of form and 
colour for which they are remarkable. It is scarcely possible 
to imagine that the clouds, which at sunset may be absolutely 
drenched in golden hues, have before floated over the hemi« 
sphere as colourless and flaccid masses ; yet we cannot watch 
a mass of vapour over the face of the heavenly vaol^with- 
out observing the infinite variety of colours and shades which 
it assumes, as fickle, and frequently not less vivid, than the 
hues of the celestial bow. 

The cirro-stratus is often marked with rich and even 
splendid colouring; its erimsens, purples, and scarlets, are 
such as art cannot imitate. Mr. Howard describes the ap- 
pearance of the sky at one tim^ as being covered with cirri 
passing to cirro-stratus, the whole hemisphere being tinged 
with varied but most beautiful hues. We shall not readily 
fot^et the appearance of the same modification viewed from 
i mountain smnmit on a summer evening. The broad mass 
of cloud was as though died with the deepest crimson, while 
the cirri pencilled upon the meridian graduated from a li^t 
ted to a deep b|ue, 



Of all the natural appearances dependant on the actioQ 
and conditions of light, the rainbow is the most beautiful 
and the most striking. Maurolycus, Baptists Porta, and 
Aptpoio d9 Dpminis, made observations.npon it, »nd utteinpV* 
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ed to explain ita cause, but Newton was the first who gave, 
an entire and satisfactory explanation of the phenomenon. 

We have avoided as much as possible the very appearance 
of mathematical demonstration m the explanations we hay« 
given of natural phenomena, which may possibly have ocea- 
sioned a want of ptecision in many parts of the work. 
Should we be charged with this fault, we may remind the 
critic that these pagea have been written to implant or 
nourish a love of science in the minds of those wno, from 
natural predilections or the force of habit, have devoted more 
time to the cultivation of the imagination than to the ac- 
quisition of philosophical knowledge— for those who have 
been accustomed to think the pursuits of science derogatory 
to an intellectual and poetical mind. We cannot, howevery 
explain the formation of the rainbow without a reference to 
a diagram, which may remind the reader of a mathematical 
demonstration. 

The rainbow is always seen in that part of the sky opposite 
to the sun. There are, however, two bows, of which the 
interior is the stronger, being formed by one reflection, the 
exterior by two. Supernumerary bows have been occasion- 
ally seen. The primary or inner bow, which is commonly 
seen alone, consists of arches of colour in the following order, 
commencing with the innermost : violet, indigo, blue, green, 
yellow, orange, and red. These^ as we have already stated, 
are the primitive colours, and we may be led to a suspicion 
of the cause of the rainbow by the fact that they have the 
same proportion in the bow as in the prismatic spectrum. 
The rainbow is in fact a number of spectra produced by the 
reflection of light from the falling drops of rain. 

The formation of the rainbow primarily depends upon the 




different degrees of reirangibility belonging to 
eolpoied rayi of light, and the separation of 



the differently 
these rays is 
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occasioned by their safTering two refractions and one reflee* 
tion. Let a be a drop of water, and 8 a beam of light, 
which, when it falls upon the drop, is refracted and decom* 
posed into the primitive colours ; but on the second sorfaco 
the several rays suffer reflection, and are a second time re- 
fracted, and may reach the eye of an observer in thehr separ- 
ate or oncombined state. The same effect is prodnced when 
a glass globule is held between the eve and the sun, for a 
n>ectrum wiH be seen reflected from the second surface of 
the globe. Supposing an infinite number of these globes to 
be between the son and the observer, and to have every 
possible position in relation to the eye, their spectra wonla 
be united, and continuous lines of light, egr a bow, would be 
produced. 

Let A B C D be dlrops of rain, and R A, R B, R C, R D, 
be rays of light falling upon them. The light may fall upon 
the drop in every possible position, and the effects produced 
will vary according to the incidence of the rays. If they 




should fall upon the axis they will be transmitted without re- 
fraction ; if near to the axis on either side, they will be re- 
fracted to some point called a focus, behind the drop ; those 
which fall near the top or bottom of the drop will be re- 
fracted, but, falling very obli(}uely upon the second surface, 
will be reflected, as shown m the diagram, either once or 
twice, according to circumstances, and be carried by refrac- 
tion to the eye of the observer. 

When a ray of light falls upon the top of the drops and is 
reflected, as in A and B, it may be refracted and meet the 
eye of the observer at O, or it may suffer a second reflection 
Kid be thrown upward. But when the raj falls upon th» 
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and«r ude, •• in C and D, the ny UfoaUy mdeto the eye 
after the tecond reflection ; but in consequence of two reflect 
tioDB and two refractiona. the violet will form the upper and 
the red the under part of the spectrum. 

The lower bow A B is called the primary bow, and there 
is no doubt that it is produced by one reflection and two refrae* 
tions, lor by calculating the inclination of the red and violet 
fays to the incident rays R A, R B, it is found that one is 
41»<^ ^, the other 40^ 17^ which gives 1° 4' as the breadth 
of the bow, a result which agrees with observation. 

It is equally certain that the secondary bow C D is prO' 
duced by two reflections and three refractions, for by compu- 
ting the inclination of the red and 4he violet rays to the in- 
cident rays R C, R B, we find, it to be 60^ 58' for the red 
ray, and 54^ W for the violet, leavine 3*^ 10' as the breadth 
of the bow. This result agrees with observation, atid with 
the fact that its colours ^re reversed, the violet forming the 
upper part of the bow. The secondary bow is frequently 
seen without the primsiT, but it is not so vivid, inconsequence 
of the light having sufl^ed two reflections. 

Lunar rainbows have been occasionally seen, and are pro« 
duced bv the rays of the moon falling upon drops of rain. 
JPlot, in his history of Oxfordshire, says that he observed one 
in 1675, but it wa^ without colour ; and an appearance of the 
same character was seen by Mr. Tunstall, in the year 1782. 
The same gmitleman observed another a few months after^ 
which had a singular variety of iqppearancesw It was visible 
for about five hours, and during this time assumed many pe» 
enliarities of form and colour. When it was first seen it 
was without colour, though the arch was strongly marked ; but 
after a i^ort time it began to assume the appearance of a 
solai bow, and in about three hours was very brilliant, though 
less so than the solar. Soon after this the bow failed in the 
BOitheastem limit, and the intouity of the colours decreasedi 
nodi at last they vanished. 

Another account oi the appearance of a lunar nunbow i« 
given by an aBOB3rmou8 writer, which, however, we must 
refer to as one of the moet interesting and circumstantial 
acoonnts with which we are acquainted. ** On Sunday even- 
iqg,'* be sa^ <* the 17th of Ausust, after two days of rain, 
attended with thunder and hg^tning, about nine o^olock, 
Uranfy-three houia after foil moos, k»^ung through my win- 
Q 
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dow, I was struck with the appearance of something in tha 
akr which seemed like a rainbow. Having never seen a 
rambow by ni^t, I thought it a very extraordinary phenom- 
enon, and hastened to a place where there were no buildings 
to obstruct my view of the hemisphere ; here I found that 
the phenomenon was no other than a lunar rainbow; the 
moon was truly * walking in brightness,* brilliant as she could 
be ; not a cloud was to be seen near her, and over against 
her was a rainbow, a vast arch, perfect in all its parts, not 
interrupted or broken, as rainbows frequently are. Its colour 
was wnite, cloudy, or grayish, but a part of its western leg 
aeemed to exhibit teints of a faint sickly green.*' 

Artificial rainbows are sometimes formed by the spray of a 
waterfall, and by the rising mist from the surface of seaa 
and oceans. Sir David Brewster states, that in 1814, he 
saw at Berne a fog-bow, which resembled a nebulous arch, 
in which the colours were invisible. 

Several writers have described the appearance of supernu- 
merary rainbows, that is, a succession of coloured arches, 
usually purple and green, within and in immediate contact 
with the primary bow. These are accounted for by Dr. 
Young by the pnnciple of interference. 



There is yet one other class of atmospheric phenomena, 
exhibiting colour, to which we must refer before we leave the 
•nbject St this ch^ter. The sun and moon do not vary 
Mther in form or in colour, when the atmosphere is free from 
vapour and other extraneous substances. But when a body 
of vapour intervenes between the luminaries and the earth, they 
•uffer an apparent alteration in both these particulars; and 
many curious phenomena are- produced, according to the cir- 
cumstances under which the cause operates. When the at- 
mosphere is dry and arid, the sun appears to have a deep 
blood-red colour ; when the atmosphere is loaded with v»- 
)M>ur, he is shorn of the bright radiations which dazzle the 
eye of the observer, and presents only a colourless disk. 
The passa^^e of a light cloud over the face of either of the 
luminaries is sufficient to change^ their appearance, and fre- 
quently causes the formation of coloured rings, which ap- 
pear to surround them. Bat the most sinsular e£fect is pio^ 
auced when the atmosphere contains anuiu particles of ice, 
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which, by Turied refiractions and reflections, have the power 
80 to tarn and contort the rays of light as to produce ^ 
most complicated phenomena. All these several effects, 
from whatever cause they may proceed, are known ander the 
general term Halo, but some persons have thought it ne- 
cessary to make a distinction between those phenomena- 
which result from solar, and those which depend on lunar 
light ; the former are called Parhelia, the latter Paraseleov. 



The haloes which are produced ronnd the sun by the in- 
tervention of thin fleecy clouds, have been called Coron», 
and are probably occasioned by the passage of light through 
very small drops of water, suffering the same change as it 
does in passing through thick plates. Coron» round the 
son are best seen by reflection from the surface of water, for 
the intensity of the beams prevents the observer from ex- 
amining them without adopting some such means. Sir Isaac 
Newton was accustomed to make his observations in this 
manner. In one instance he observed the son to be sur- 
rounded with three distinct rings; and, by adoptmg this 
method, detected their colours, and measured their diameters, 
which he has given in the following table : — 

Deg. 
1st ring, blue, white, red. Diameter, 5.0 

2d ring, purple, blue, green, pale yellow, red. Diameter, 9.33 
3d ring, pale bine, pale red. Diameter, 12 

Haloes round the moon are sometimes very beautiful, gen- 
erally appearing as luminous white circles, but at other times 
red or reddish green. We have more than once observed 
the corona to appear and disappear during the walk of a few 
miles, according as we have been in or above the mists 
which have been rising from the low grounds. This sinffu- 
lar fact might lead us to theorize upon the formation of this 
curious phenomenon ; but it may be doubted whether it is 
always produced by the same cause. Mariotte supposes 
coronaB to be formed by the refraction of light by small pris* 
matic crystals of ice descending throuj^h the air in every pos- 
sible direction. It is possible that this explanation may ac- 
count for some of these appearances ; but until the diame- 
ters of the corons can be determined, there will be no tost 
lor its accuracy. 
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Parhelia are images of the sun appearing to be at the same 
elevation as the sun itself, united by a horizontal circle of 
li^t having its pole in the zenith. 

Captain Parry states that when he was in the polar regions 
he observed two parhelia, one of which was very bright and 
prismatic, being thrown upon a thick cloud ; the other 
scarcely percepuble, having a^ blue sky at its back-ground. 
To each of these mock suns, bright yellow bands of li^t 
were attached, as shown in the diagrtoi. 




Parhelia are most frequent, and their light most intense, 
when the sun is near the horizon ; as it rises towards tha 
meridian, the image invariably dies awav, but will sometimes 
makes its appearance again as it descends. Instances of this 
kind prove that the cause is continuous, and, indeed, it has 
been usually found, that when these mock suns make their ap- 
l>earance, they are not very rapidly destroved, but often con- 
tinue in sight for several hours. From all the accounts we 
have of the natural phenomena observed in the polar re- 
gions, it may be gathered that parhelia are not there very 
uncommon, but by what means these images of the great lu« 
minary are projected upon the vapour, which perhaps the 
sun itself has raised, as though to mock its shadowed glory, 
philosophers are by no means agreed ; but it is almost ce>» 
tain that the haloes on which they are formed are produeed by 
refraction, whether through liquids or icy particles. 

A remarkable instance of the exhibition of parhelia was 
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observed by Scheiner in 1630, which, although it hi 
quoted by Dr. David Brewster and other writers on optics, it 
wiU be necessary to transcribe. 

*' The diameter of the circle M Q N, nAxt to the sun« 
was about 45°, and that of the circle O R P, was about 95^ 
2(y ; they were coloured like the primary rainbow, bnt the 
red was next the son, and the other colours in the usual 
order. The breadths of aU the arches were equal to one 
another, and about a third part less than the diameter of the 
sun, though I cannot but say that the whitish circle O G P, 
parallel to <the horizon, was rather broader than the rest. 
The two parhelia, M N, were lively enough, but the other 
two at O and P were not so brisk. M and N had a purple 
redness next the sun, and were white in the opposite parts ; 
O and P were all over white. They all differed in their dih> 




rations, for P, which shone bnt seldom and faintly, vaoished 

first of. all, being covered by a collection of pretty thiclc 

clouds. The parhelion O continued constant for a greatr 

Q2 
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wlifle, though it was b«t faint. The two lateral parheliB, M 
uhI N, were eeen conataiitly At three hoars together ; M 
was in a languishing state, and died first, after several strug* 
ffles, hut N continued an hour after it at least. Though I 
did not see the last end of it, yet I am sure it was the only 
one that accom]>anied the true sun for a long time, having 
escaped those clouds slid vapours which eztmsnished the 
Test. However, it vanished at last, upon the fall of some 
showers. This phenomenon was observed to last four hours 
and a half at least ; and since it appeared in perfection, 
when I first saw it, I am persuaded its whole duration might 
be above five hours. 

' **The parhelia Q R were situated in a vertical plane, 
passing through the eye at F, and the sun at G, in which 
vertical plane the arches H R C and O P R either crossed or 
touched one another. These parhelia were sometimes bright- 
er, sometimes fainter than the rest, but were not so perfect 
in their shape and white colour. They varied their magni« 
tude and colour according to the different temperature of the 
sun*8 liffht at G, and the matter which receives it at Q and 
R ; and therefore their light and colour were almost always 
fluctuating, and continued, as it were, in a peipetual conflict. 
I took particular notice that they appeared almost the first 
and last of the parhelia, excepting that of N. 

** The arches which composed the small haloM N next to 
the sun, seemed, to the eye, to coaipose a single chreumfer- 
ence, but it was confused, and had unequal breMths ; nor did 
it constantly continue like itself, but was perpetually fluctua* 
ting. But, m reality, it consisted of the arches expiesaed in the 
figure, as I accurately observed for this very purpose. These 
arches cut each other in a point at Q, and there they fotmed 
a parhelion ; the parhelia M and N shining from the com- 
mon intersections of the inner halo, and the whitish circle O 
NMP." 

Phenomena of the same kind are sometimes seen during 
the niffht as the effects of lunar light, and these are called 
parasdena9. The most beautiful appearance of this kind 
which has been described, was that seen by Hevelius at 
Dantzic, in 1660. When first observed, the moon was sur* 
founded by m white circle, in which there were two coloqred 
paiaselenv opposite to each other. Another circle of light 
wae afteiwara formed,. the lower line of the ciiciuiif«veiiot 
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toaehiiig tha horison, and meitod e^lonred archM tppeand 
4Mft the summit of the circtos. 

Captain Pany adTeral timea obaerred thia phenomenon do- 
tinff hi# polar Tovagiea. At one time he observed the moon 
to be aunounded with a halo on which three Inminooa paia- 
aelens were formed, and on the following night the aame a]H 
pearance waa obaerred, with the addition of atripea of white 
light, whieh gave it a resemblance to a ejrosa. 

The natural phenomena which resalt from the action of 
light are extremely coinplicated, and their explanation is in- 
T&Ted in. difficulties. Our ignorance of the agent itself, and 
the Yarioua circumatancea niuer which it ia influenced fay ro- 
pellant and attractive forcea, prevent us from tracing the cauae 
<if many phenomena which are produced by experiment. 
There is no branch of philosophical knowledge so httle stud- 
ied hy thoee who have not formally devoted themselves to 
the investigation of the aciences, as the cause and effecta of 
that princi^ we call light. Surrounded with uncertainties, 
we fear leat the explanation given in this chapter ahould be 
nnaatia&ctorjr to the general reader ; but we are chiefly anx- 
tone that thia circumatan,ce may induce a farther investigar 
tion of the subject, and not repress an anxiety for a more ac- 
cvnte acquaintance with thia intereating, though subtle 
bnnch of natural philosophy. 



CHAPTER VI. 

rSEHOMINi. niniNDAlfT ON TBI DUmilUTION OF ILBO* 
TKICITT. 

OuE entire ignorance of that agent which we call ele<itrici- 
ty, may be urged aa aome excuse for the vague and unsatia- 
factory manner in which we are compelled to speak of aU the 
natural phenomena that depend upon it as an agent. Bat, 
although we are unacquainted wiUi the cause of phenomena 
nnirersally attributed to electricity, we have ascertained with 
g-eat precision its halHtudes and relatioq{S. There are aoaae 
philOMpheva wlu> attribnte alactrie appeanncea to aa exoeedr- 
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inj^ tabtile fluid, while others imigine that there are two tneh 
floids ; — some beiieve electricity to be a property of matter, 
and others identify it with grayity. But, whatever opinion 
may be entertained concerning the agent, there is bo doubt 
as to the means by which it may be excited, the conditions it 
obeys, and the eflfects it produces. 

Supposing electricity to be present in a latent state in all 
matter, it may be disturbed by five means ; friction, chymical 
action, the contact and disunion of magnetic poles, the une- 
qual circulation of heat through metals, and the muscular ac- 
tion of Certain fishes. The electricities derived frokn these 
several sources have received different names, but are distill- 
ffuished from each other by comparative rather than by abso- 
hite qualities, all producing the same effects, though not in an 
equal degree. A few general remarks seem to be necesaafy 
for an accurate explanation of the phenomena, to which we 
must refer. 

When electricity is excited upon the surface of a 8ul>- 
atance, as always happens when two substances, whatever 
their nature, are rubbea together, it may be tranaferred, under 
particular circumstances, uom place to place, and even accu- 
mulated. But all bodies are not capable of conducting elec- 
tricity ; for, while some absolutely resist its progress, there are 
others that give it an easy passa^. Glass, me resins, and 
atmospheric air, are not conducting substances ; while the 
metals, water, and aqueous vapour transfer it with great fa- 
cility. It might, therefore, be expected, that while the one 
class conducts electricity of the smallest possible intensity, 
the other can only transmit it when its resisting force is over- 
powered by the energy of the electric agent.* 

According to some persons, there are two kinds of electri- 
city, while others acknowledge the existence of but one, 
though they admit that its conditions may vary. Without at- 
tempting to prove or disprove either of these statements, it 
may be mentioned that there is an evident difference of char- 
acter, according to the manner and circumstances under 
which the agent is produced. A substance charged with 
electricity produced by the excitation of glass, will attract one 
that is charged with the electricity of resin ; but if the two 
bodies be excited with the -electricity of either glass or resin, 
they will repel each other. Now, if we consider that in one 
case the agent is in a positive, and in the other in a neg«tiT» 



PRBNOHERA OF ELBCTRICITT. 189 

eondition, this faust may be thus generally ftated, that bodies 
in the eame eleethc state repel each other, in c^ppoeite statee 
they attract. 

The effects produced npon bodies by the passaffe of aec»- 
mulated electricity through them, are yarioos and importanl. 
"When discharged through steel, it frequently induces tho 
Biagnetic property ; when through magnets, it often destnnrs or 
disturbs- their magnetism.- The temperature of metals is 
raised when they are employed as conductors ; and if tho 
tize of the metallic substance be proportioned to 'the intensity 
of the electric agent, fusion will be effected. Light is pro- 
duced when electricity passes through elastic fluids, or liquids 
^at have an inferior conducting power. Chymical eflfects, 
euch as the composition and decomposition of bodies, may, 
tinder certain circumstances, result from the conduction of 
electricity. When the animal body is inade the medium of 
transference, muscular action of a more or less violent char- 
acter is produced, and instances are on record in which life 
has been destroyed. By these effects, the presence of aceiH 
mulated electricity is determined ; and when itr quantity and 
intensity are not suflScient to produce them, the phenomena 
of attraction and repulsion never fail to give evidence of its 
presence. 

innNXKXY OF ELnCTBlCITT AND THB AOSNT THAT PBODVCIS 
LIGHTNING. 

The identity of ^ents is to l^ determined by the identity 
of their effects. Jmtnklin seems to have reco^ised this 
principle ; for, having observed that many of the effects pro* 
4aced by lightninjg were in a lesser degree occasioned by ao« 
cumulated electricity as derived from the machine, he sus- 
pected that the agencies might differ in no other respect than 
m intensity. Amon^ their many points of resemblance, he 
noticed that their motion from one irregular conductor to an- 
other is never in a ri^ht line ; that they always strike the 
highest bodies, preferring those that are pointed and good 
eonductors ; that they ignite combustible bodies ; fuse the 
metals; affect magnetic polarity; and destroy animal life. 
This similarity of effect might have been considered by some 
persons as a sufficient proof of the identity of the canse 
which produced lightning, and that we call electricity. But 
Ftenkbn was not satisfiMl with any thing lest than a demon- 



190 PHEKOMBNA OF SLKCTEICITr. 

stratkm, and determined to bring his coiiiectntee to tiia test of 
experiment as eoon w the epiie of the omrchat Philadelphia, 
then building, should be finished. But it was not easy to 
wait with patience when so important a question was to be 
determined, and he provided himself with other means of 
inquiry, which were so simple that they could only have been 
selected and adopted by a truly philosophic mind. The in- 
•trument by which Franklin determined to iuTestigate the na- 
ture of lightning was a common kite ; and he apcordin^lv 
prepared two cross sticks, over which he stretched a silk 
handkerchief, and with this he acted the part of the fabled 
Prometheus. On the first approach of a thunder-cloud he pre- 
pared for bis experiment ; but so apparently childish were his 
apparatus and his hopes, that, with a modesty frequently tho 
attribute of aereat mind, he communicated his intentions only 
to his son, who assisted him in the experiment. The kite 
was raised, and for some time no effect was produced ; but 
at last he saw that there was a bristling up and apparent re- 
pulsion between the loose threads of the hempen cord ; and, 
shortly after, when the string had been moistened by a 
shower of rain; he obtained sparks and other appearances 
demonstrative of the presence of electricity. In this way 
Franklin discovered the identity of the electricity of the ma- 
chine and the agent which produces the phenomenon of 
lightning, and in after experiments succeeded in obtaining by 
it all the effects which were then known to attend the prog- 
ress of ordinary eWtricity. 

Bat, although the honour of this discoveiy is universally 
given to Franklin, it is but due to MM. Dalibard and Deler 
to state, that they, having acquainted themselves with Frank- 
lin's hypothesis, made some experiments about the same tioM^ 
and came to the same results as Franklin himself. 

BFFBCTS OF LIGHTNING. 

The most disastrous effects are frequentlv produced bv the 
transmission of accumulated atmospheric electricity, and nu- 
merous instances are upon record. It seems to be the habit 
of electricity to seek out a good conductor ; and it will, in 
some instances, make an eccentric course, in order to be 
transfored by particular substances. When this agent passes 
through bodies that offer but little resistance to its progresi^ 
no mechanical effects are produced upon them, except^ ip 
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thoM insUncei where the dimeneione of the conduetoi are too 
•mall to eonm ^ accamiilated flaid. Id one or two in* 
•taneee in which houees have been atrack by lightning, the elec- 
tricity has been conducted away by the bell-wirea, for metali 
are good conductors ; but, on account of the smallness of the 
wires compared with the intensity of ^the agent, they have 
been fused in the act of transference. This choice of con- 
ductors is also proved by a fact that must be well known to 
foresters, that although the oak is frequently struck by light- 
ning, the beech is seldom scathed, and perhaps never, mien 
the royal tree is near to the direction in which the electricity 
is moving. Human life is frequently destroyed by lightning ; 
buildings are inflamed, rocks are fissured, and the forest-tree 
is dismembered or cleft ; but its agency is stiU more terrible 
on the broad bosom of the ocean,' where the majestic vessel is 
alone exposed to its fury. We are not generally acquainted 
with the frequency of those disasters at sea which result from 
the electric ajgent, for but few are recorded in the pages of 
our philosophical journals. One or two instances, however, 
may be cited. It is stated, by an anonymous writer in the 
PMotophicaL Journal, that at Port Mahon, on board of a 
seventy-four gun ship, he saw fifteen men on the bowsprit 
and jib-boom struck by a flash of lightning, some of them 
being killed, and others dreadfully scorched. The same wri- 
ter states that, in 1811, the Kent, a seventy ^un ship, then 
off Toulon, was struck with lightning ; the mam and mizzen 
masts were shattered Gnm the trunk downward, and several 
of the men then on the yards were severely injured. 

If the ohenomenon of lightning were free from danger, and 
the mind firom an almost instinctive dread of its effects, every 
lover of the sublime in nature might be allowed to feel some 
anxiety to behold a thunder-storm ^t sea. The mind of man 
is not insensible to the evidence of a Supreme Power as dia- 
played in nature ; but while, in some instances, it dwells upon 
the conttderation of the benign and salutary influence of ma^ 
terial creation, it cannot, at other times, escape the feeling 
that an omniscient and omnipotent Spirit, capable^ of anger aa 
well aa complacency, exercises control over all. The earth- 
quake Bud volcano, the hurricane and the tempest, might be 
sufficient to prove this ; but no terrestrial phenomenon can 
impress the mind with the same reverential awe and con* 
aciouaness of dependance as a thunder-storm at sea, B«| 
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hftbtt f«ceneilM vs to theiiHWt appaUing appeaniiee9« and tli* 
man who has crouched with humMe and reTerentiaJ fooling 
under this demonstration of Almighty power may acquire eon* 
lidence by repeatedly beholding the same phenomenon ; and 
at last, when his mind has been diTested of terror, he may 
delight to watch the broad flash of the electric light, and lis- 
ten with a sensation not devoid of pleasure to the reiterated 
peal of the thunder. 

** Wide barsts in dazzling sheets the lirmg flame. 
And dread concussion rends the ethereal frame ; 
Sick earth convulsive groans from shore to shore, 
And Nature, dbuddering, feels the honid roar.*'— Falcoitib. 

Dr. Tileaius has given, in a continental journal, an account 
•f aome very curious effects produced upon the humsn body 
br atmospheric electricity. As two carts were passing 
through a wood, they were struck by lightning, which waa 
conveyed from one to the other, more or less affecting the 
persons who were m tiiem ; one of the horses was kUled 
upon the spot ; and in the cart which it drew, a perforation 
was made nearly six inches in diameter. Both the persons 
in the cart were also struck. One of them received so vio- 
lent a blow that be was thrown to some distance, and re- 
mained senseless for a time, but received no permanent inju- 
ry. The other person was killed on the spot ; and when the 
bod^ was examined, it was found to bear the marks of the elec- 
tricity. The arms and hands were farrowed to the bone, the 
sleeves of the coat and shirt wero torn, but neither the akin 
nor Um clothes bore marks of burning, but appeared as though 
they had been torn by the rapid passage of a sharp point. 
The two persons m the other cart were seriously mjured, but 
aoon recovered, though they appear to have afterward suf- 
fered under a drowsiness and lassitude which they had never 
before experienced. But the most singular circumstance, in 
a physiological point of view, is, that one of these persons was 
perfectly deaf at the time of the accident ; but the electrici* 

S, in passing through his body, scratched the inner part <tf 
e ear, near the tr^s and antiheiix, and on the following 
day he recoveved his hearing. 

It is not, perhsips, uncommon few electricity to produce a de« 
ddedly medical effsct m those instances where ito intensity 
m quantity is not sufficient to destroy life. This way b« 
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eitiier injarious or beneficial, aeeovding to dremiftasee*. 
Professor Olrastead, of North Carotins, has given an aeooont 
in the American Joamal of Science, of the removal of a par* 
alytic affection hj a stroke of lightning. The individnal had 
been attacked with a paiMytic affection in the face, which hid 
chiefly settled in the eye. During a thnnder>Btorm he was 
struck with lightning, and for a time lost his senses, and th« 
use of his lim^ ; bat on the following day he was so far re- 
covered that he was able to write an account of the accident 
and had perfectly recovered his sight, though hia hearing had 
been somewhat impaired. 

It is not, perhaps, necessary that any otli«r instances of 
death from the passage of atmospheric dectricity thvouflh 
the anhnal body should be adduced ; but we ean seaieely be 
permitted to omit a notice of the unfortunate accident which 
attended some experiments made by Professor Riehman^ of 
St. Petersburgh, mpre particularly as it may serve to ds» 
monstrate the necessity of great care vidian we attonpt to 
guide 04r control so miffhty an agent as atmospheric electrici- 
ty. The professor had erected an apparatus for the purpose 
of bringing atmospheric electricity into his study, wishing to 
niake some ekperiments with it ;. and, m order to prevent ae« 
cident, he attached to his apparatus an xnatmment to meas» 
tire the quantity of the electricity that was present. On the 
"Oth of August, 1753, he was maJiing some ea^periments wHfc 
Mr. Solokow, when, stooping down to ezamme the instr«* 
ment, he was struck on the head b^ the electricity, and was 
instantly killed. From an examination of the4K)dy, it appcMU^ 
ed that the electricity entered the forehead, and, passing 
through the body, escaped from the left foot, the thoe being 
burst open. Mr. Solokow, his attendant, was muoh hwrt^ 
and the room injured, the doorcase being split half thraw^ 
and the door torn from its hinges, and thrown to some &> 
tance. 

The loss of life by atmospheric electricity has, in most in* 
stances, resulted from a want of care, Mther ariamg from ig- 
norance or temerity. It is exceedingly unsafe to stand». dvb- 
ring a thunder-storm, beneath a tall tree, or by the side of « 
lofby buildinff ; and there are other precautions wkieh « kaowi' 
e<^e of the laWs oi electricity will suggest, and these should 
1>e attended to. But there are some persona who indute % 
iesT, during the presence of thisphenoBssDOD, as though CM 
R 
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had DO other ■ffent of dettractton in his power, end m tf they 
were not enTewped with dangers arising from the constme* 
tion of the homan hody as well as from external causes. 
The nmnber of deaths by li|^tning bears but a small propor* 
tion to the nomber of thunder-storms ; for when the electricity 
passes from the clouds to the earth, it must generally be 
conTeyed at once to the earth itself. 

Rocks Aeqnently bear the marks of a fusion that has re- 
salted iirom electric action. Some years since, Br. Fiedler 
brought to London some Titreoos tubes that had been ob* 
tained in the plains of Silesia and Eastern Prussia ; one of 
which, found at Paderbom, was forty feet long. These fiit 
florites, as ther were called, were undoubtedly prodacedby 
tne heating erocts of atmospheric electricity, and have gen- 
erally been found to terminate in springs of water ; and we 
may, consequently, be allowed the suspicion, that the direc- 
tion of the lifffatmng is, in some measure, governed by the 
character of ute superficial rock and its. substratum. 

OIRCUMSTANCES UNDER WHICH LIOBTNINO IS PRODUCID. 

Having ascertained the nature of that cause which pro- 
duces' the phenomenon of li^tning, some hope may be enter- 
tained of discovering the manner in which it acts. From 
the effects produced by the passage of atmospheric elec- 
tricity thorough animal bodies, it is quite certain that it is in 
an accumulated state ; nor is there much difficulty in ascer- 
taining some of the causes which tend to produce an un- 
equal distribution of the electric agent. We may suppose 
lightning to be produced under three different circum- 
stances; when the electricity passes from one cloud to 
another; when from the clouds to the earth; and when 
fnm the earth to the clouds. In the last two instances it 
may occasion the destructive effects to which we have 
referred ; in the first, its influence must be confined to the 
aerial 'region in which it moves. 

"When two clouds, charged with opposite khids of elec- 
tricity, or, in other words, haviiv opposite electric con- 
ditions, approach so near to each other as to enable the elec- 
tricity to overcome the restraining or coercive influence of 
the atmosphere, a discharge takes place, which pioduces a 
flash of li^t or lightning. We may, in fact, compare tho 
Mtion of two elouda» one in an oveichaiged and one in an 



PHBN9MENA OF BLECTRICITT. 195 

miderehlffgred stata, to that of a Latdon jar» the coatings of 
which are in opposite coaditions. If the jar be chaiged with 
electricity beyond a certain tension, there will be a spon* 
taneous discharge, the restraining ixifluence of the slass or 
the air being too small to overcome the expansiTe force of 
the electricity. This is the coc^dition under which lightning 
is produced in the atmosphere. The attractiye power exert* 
ed by two clouds chaiged positively and negatively must be 
active at a considerable distance, and this draws them to« 
wards each other with an accelerating force *, but as soon aa 
they have approached so near as to give the electricity an 
advantage over the constraining influence of the non>con* 
ducting medium, atmospheric air, a flash of lightning is pro- 
duced. But this dischiaree is not sufficient to restore the 
electric equilibrium, and there wiU be successive discharffes, 
proportioned to the distance of the clouds from each other, 
until this effect has been produced. 

It sometimes happens that there is a passage of electricity 
from the earth to the clouds, and lightning is then produced, 
as in the discharge between tWjP clouds. It is, howeiver, 
quite impossible to determine whether the electricity moves 
from the earth to the cloud, or from the cloud to the earth ; 
for so great is its velocity, that there is no perceptible period 
of time between the commencement and the completion of 
its circuit. This statement is beautifully illustrated by an 
en>eriment that has been made by Professor Wheatstone. 
when a spoked wheel is put into rapid rotation, the spokes 
will be absolutely invisible, on account of the velocity with 
which they are successively presented to the eye. But, if 
the wheel should at this time be illuminated by a flash of 
lightnine, the spokes will for a moment be as distinct as 
though 3ie wheel were at rest ; for, however rapid may be its 
motion, it is not able to move through a perceptible space 
during the presence of the light, so instantaneous is the 
progress of electricity. 

Many electricians imagine that the earth is always in the 
negative state, and that the electricity invariably passes to it 
from the clouds. Mr. Morgan, however, was of opinion, 
that the deficiency is never in the earth ; but we can find no 
reason, either from the experiments that have been made, or 
from legitimate deductions, for either of these opinions. It 
]■ quite possible, from all that has been yet ascertained, th^t 
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Hm maeHh diay b« eiliier in a pMhiye « aegidve state, aad 
thftt aecQiiMilated eldctrieiky mtf pus to or from it, and, b«» 
n^ oondneted by bodiea on the nmace of the earth, inflwawea 
ihem aceording to th«r nature, or the oixeomstaaees of the 
dfoeharge. 

THUNDER-CLOUDS. 

A thander-siorm may generally be prognosticated by 
atmospheric appearances. A low dense cload begins to 
form m some clear part of the atmosphere, and rapidly in- 
creasing on its nj^er edge, spreads itself out in an arched 
form. A nnmber of small ragged clonds, which may be 
taid to resemble teaseled flakes of cotton, then make their 
appearance, and, moving about in rarious directions, approach 
and recede from each other ; but at last accumulate, snd 
coalesce' with the cloud that first appeared. The clouds 
now begin to thicken, and moving aboat with great velocity, 
throw from point to point the vivid flashes, as the heralds of 
die approaching storm. 

The form snd colour of the flash, as viewed from the 
earth, change in sppearance, according to circumstances. 
The density of the medium through which the electricibr 
moves, and the nature of the substances from and to which 
it passes, are probably the governing causes. 

Thunder, that is, the sound which attends the phenom- 
enon of lightning, varies in intensity and character, accord- 
ing to the height and extent of the electric clouds, and the 
nhysieal peculiarities of the countiy in which it is heard. 
When the discharge is made at a short distance from the 
hearer, an instantaneous crash is produced ; when far away, a 
deep crumbling noise ; when it happens over a flat country, 
or a place where there are no objects to produce a reverber^ 
ation, a series of regular explosions are produced, increasing 
or decreasing in intensity with the distance of the cloud ; 
when over a mountainous or broken district, successive 
claps, irregular both in time and intensity, are generally 
heard. 

The rolling of thunder is produced by the reverberation 
amon^ the clouds. Arago and others, when making some 
expenments on the velocity of sound, observed Aat the ex- 
plosion of their guns produced a single and sharp sound 
^^n the sky was perfectly clear; but when encim^ifreA 
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tvith clouds, they were attended by a leng-continned roll 
that mimicked thunder. 

To detennine the distance of a thunder-storm, it is only 
necessary to ascertain the number of seconds which inter- 
vene between the si^ht of the lightning and hearing the 
sound, and these mulupUed by 1090, the number of feet that 
sound travels in a second, will give in feet an approximate 
estimate of the distance of the electrified clouoi from the 
place of observation. 

From a series of observations that have been made in 
Germany, it appears that the general direction of accumula- 
ted atmospheric electricity is from west to east It does, 
however, sometimes happen, that lightning rises in the north 
and south, but this is comparatively seldom. Philosophers 
are not yet acquainted with any general principles by which 
they can explain these singular curcumstances. 

LlOHTNl N6-C ONDUCTOR 8. 

When Franklin ascertained the electrical origin of light- 
ning, he immediately perceived that his discovery might be 
so applied as to decrease the danger resulting from the pret- 
ence of a thunder-storm. He knew that electricity was 
readily conducted by metals, and that points transferred it 
with greater facility than blunt or rounded surfaces, and 
therefore proposed to attach pointed metallic conductors to 
buildings, as a security against the effects of lightning. The 
propriety of this invention is very evident. When elec- 
tricity passes from the clouds to the earth, the bodies 
through which it passes act as conductors, some willing^, 
and others as by force. But if two substances of unequal 
conducting power be presented to it, there will be a capa- 
bility of selection, and it will, undier all circumstances, 
choose one in preference to the other. Now. the metals are 
the best conductors, while stones and bricks are very bad 
ones ; and, consequently, electricity will seek to be^transfeiw 
red by the former, and the building will, by their presence, 
be preserved from those effects which' usually attend an 
electric stroke. From a consideration of these facts, we 
may imagine Franklin to have been directed to the propriety 
of applying metallic conductors to buildings. He proposed 
to fix a metallic rod in such a manner, that one end pene- 
tiatujg the earth for some distance, the opposite or.pointed 
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•ad might raa to the height of e few inches abore the higjli* 
est part of the building. No plan can be more simple or 
effectire than this ; hot there are aome circnmatances deidaced 
iiom obaerration and experiment that are worthy of notice. 

The rods ahonld, if possible, be made of that substanoo 
which is the best conductor of electricity. The usefulness 
of a bghtniogt-condoctor will always depend upon its con- 
dacting power. Lead and copper are best able to transfer 
the electric agent ; but as the fusing point of lead is mnch 
lower than that of copper, the hitter metal is generally em- 
ployed, and, in addition to this consideration^ it is the better 
conductor. 

in several instances accidents haTO been produced by 
condncting^rods of insufficient diameter; and it is equally 
daagerous to break their connexion, or, in other words, to 
erect one that is not perfectly uninterrupted. The latter 
statement is proved by the effect of electricity when it 
strikes an unprotected house, flying from one conductor to 
anodier, destroying all that may oppose its progress. About 
the middle of last century, the steeple of St. Bride's church, 
London, was struck with lightning, and in consequence of 
the large quantity of iron-work that had been employed in 
its erection, the electricity was attracted from one part to 
nnother, and much damage was done. It appears to have 
entered the vane, and was quietly transferred by the shaft 
on which it was supported ; but then darting towards some 
cross iron bars, and from thence to the iron cramps which 
had been employed in its construction, shattered the stones 
is it passed along. 

. XLICTRICAL CONDITION OF TBK ATXOSPHKBS. 

M. Monnier 4tppears to have been the first person who 
<d}served that the electric excitement of the atmosphere is 
BOt confined to those periods when the phenomenon of light- 
ning was observed. Sig. Beccaria afterward examined this 
eulnect with great care, and is of opinion that clouds, rain, 
hail, and other meteorological phenomena, are to be attribu- 
ted to electricity. In support of this opinion he adduces 
several arguments, and among others states, that the pros-* 
•Dce of thunder, lightnin^^, rain, hail, snow, and wind, at the 
same moment, i^ws then- connexion with a common cause. 
It is probable that Beccaiia'a opinion will be ultimately 
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^«tfi«d, bat tfa* TOiMm 1m has offaved i» not rmj eapftU* of 
«oiifiiicing tbo akeptae, or of ntufying a philosophicai mind. 
The electricity of the atmosphere is flenerally stronger ttk 
whiter than in summer, and in the day than in the mght, and 
in open and fine weather is in a positive state. The sources 
of atmospheiifi electricity cannot be determined with great 
Accuracy, but it is pro bable that the orerchaiged condition of 
the air may be in a great measure traced to the constant 
evapoitktion which is going on from the surface of the earth, 
n phenomenon which is always attended by the disengage- 
ment of electricity. It has been stated by M. PoniUet, that 
electricity is never ^ven off during evaporation, unless ae- 
companied by chynucal action ; a result that we do not sup- 
pose to be perfectly' true, though this is not the place to men- 
tion those experiments whidi have led us to this conclusion. 
But, however this may be, there can be no doubt that a lai;^ 
amount of electricity is given off by the evaporatioa which is 
going on from the sor&ce of vrater, as well as by those an* 
laeteus ehymical changes which are so abundant in Uie l«« 
testrial laboratory. iWe agencies are probably assisted by 
the infltfeneift of those unsqual currents of heat which are 
circulating through the atmosphere, and by the friction of at- 
mospheric strata moving in opposite directions ; but we are 
at present quite uniA>le to assign to any cause its propor- 
tional effect ip producing the electric condition of the atmo- 
sphere. 

▲UBOBA BOBBALIS. 

Althoe^ we are not acquainted vrith the positive amount 
of influence exerted by the electric agent in the producttim 
or regulation of meteordogical phenomena, yet there are 
some few appearances which may without doubt be attributed 
to its agency. One of the most common and beaatiftil of 
these is the Aurora Berealis, or the merry dsneer, as it is 
called in the l^etland Isles. In Sweden, Lapland, and the 
polar regions, it is so constant daring the long winter nights, 
that it frequently esarves the traveller instead of the light of 
the moon. 

"In the northeastern parts of Siberia," says Gmelin, 
« these northern lights are observed to begin with singla 
taight pillars rismg m the north, and almost at the 
te ih* on h aas t , which, gmdoally inerstaing, cam 
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large space of the heaTena, txuHa. alj^ont from place to phoe 
with incredible velocity, and finally almost cover the whole 
sky up to the zenith, and produce an appearance as if a vast 
tent was spread in the heavens, gUttering with gold, rubies, 
and sapphire." 

The aurora is not so common in this country as it was 
about the year L800 ; but when it does appear, it is generally 
in the spring and autumn seasons, and after a continuation 
of dry weather. ^The most beautiful that was ever seen in 
England was that described by Mr. Dalton, in a very minute 
and interesting manner : ** Attention was first excited by a 
remarkable red appearance of the clouds to the south, which 
afibrded sufficient light to read by at eiffht o'clock in the 
evening, though there was no moon or light in the north. 
Some remarkable appearance being expected, a theodolite was 
placed to observe its altitude and bearing. * * * From 
6^ to iO P. M., there was a large luminous horizontal arch 
to the southward, almost exactly like those we see in the 
•north, and there was one or more concentric arches north- 
ward. It was particularly noticed that all these arches seem* 
ed exactly bisected by the plane of the magnetic meridian. 
At half past 10 o'clock streamers appeared very low in the 
southeast, running to and ^iro from west to east ; they in- 
creased in number, and began to approach the zenith, appa- 
rently with an accelerated velocity, when all of a sudden the 
whole hemisphere was covered with them, and exhibited such 
an appearance as surpasses all description. The intensity 
of the light, the prodigious number and volatility of the 
..beams, tbe grand intermixture of all the primitive colours in 
their utmost splendour, variegating the glowing canopy with 
the most luxuriant and enchanting scenery, afforded an awful, 
but, at thoBame time, a most pleasing and sublime spectacle. 
Every one gazed with astonishment ; ' but the uncommon 
grandeur of the scene only lasted one minute ; the variety 
of colours disappeared, and the beams lost their lateral mo- 
tion, and were converted as usual into the flashing radiations ; 
but even then it surpassed all other appearances of the au- 
rora, in that the whole hemisphere was covered with it." 

The aurora is evidently an electrical phenomenon, and may " 
be readily imitated by ordinary electricity. When electrici^ 
is passed through a vacuum, beautiful streams of light are 
produced, which vary in colour and intensity, according to tbe 
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«BHfum of «r coouiBed » the tube. Thera it, hawtiwr^ 
iome coBBezkm between the magnetic polee of the earth moA 
fldiMephene electricity, bat the nature of their infliienee on 
oaeh other ia not at present known. Dr. Famday contidere 
ft piobable that the aoroia ia a luminona r^retentation of 
electricity flowing from the equator to the poles for the resto- 
Mttion of electric equilibrium. But it is not aa yet possible 
to say with certainty whether it is an occasional dischai]|[e, or 
m luminous reoresentation of a constant stream of electricity. 
That it ia a ptwoMsenon occurring m a Tery attenuated at- 
Miospbere, there can be no doubt, and that it is in some way 
Connected with its temperature. In Siberia, one of the 
coldest inhabited countries, the aurora is so briUiant as to 
•ometimea excite the fears of those who are accustomed to 
Tiew it from nif^bt to nifffat ; and it is well known that the 
«lectrieal condition of £e atmosphere is more decided in 
winter than in summer ; a circumstance that tends to sup- 
port the opinion, that the aurora n in some way connected 
'whh the temperature of the atmospheric strata in which it m 
produced. 

ST. BLXO*S LIGHT. 

St £lmo*s lifffat is a luminous meteor that frequently settles 
«pon the flaast-head of vessels, and is probably of electric ori- 
fim, though it is never known to produce any of those disas- 
trous effects which so often attend tightning. Sometimes it is 
confined to the mast-head, while at other times it gradually de- 



ocends the mast to the deck itself. . It was formerly suppo- 
■ed by mariners to be a visible representation of a spirit they 
call St. £hBO,who is the tutelar deity of those who traverse 



the mighty deep, and has a prophetic power. When it is 
^eonfined to the topmast, it is a proof, in their opinion, that 
mlthongh bad weather may be present, yet it will not con- 
tinoe, and cannot injure the vessel. But when it descends 
the mast, it prognosticates a gale of wind, or a disaster, which 
ivill be more or less violent in proportion to the depth of its 
descent. Falconer has described this phenomdnon in his 
fihqmreck :— 

" High on the masts, with pale and livid nys, 
Amid the gloom, portentous meteors blaze.** 

Tlds appearance may be readily explained upon the known 
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aptitiide of a pointed conductor in tnmtfening electricity fnm 
• highiy electrical atmosphere ; and it is possible that it may, 
on philosophical principles, be considered as the prognosticar- 
tor of atmospheric changes, since the a^nt itself has an ev- 
ident connexion with many meteorological effects which we 
at present find some difficulty in explaining. 

The phenomenon obsenred by M. Allamaad, in the Can- 
ton of Neufchatel, may probably be attributed to the same 
cause. As this gentleman was wslkine from Fleorier to 
Montiers, he was overtaken l^ a thunder-storm. Having 
closed his umbrella, lest the electricity should be attracted 
by its metallic point, he saw that the rim of his hat was sur- 
rounded by a broad band of light, which became more intense 
when he passed his hand over it. This appearance vanished 
as soon as he came near to some tall trees, which in all prob- 
ability conducted away the electricity from the iiighly exci- 
ted atmosphere. 

Humboldt observed the St Elmo's light during one of his 
▼oya^s, and we are always glad to avail ourselves of his 
descriptions. " On observmg the appearance of the masts, 
the main-top-gallant mast-head, from the truck for three feet 
down, was perfectly enveloped in a cold blaze of pale phos- 
phorus-lookmg light, completely embracing the circumference 
of the mast, and attended with a flitting or creeping mo* 
tion, as exemplified experimentally by the application of com^ 
mbn phosphorus upon a bosrd. The fore and mizzen top- 
g^allant mast-heads exhibited a similar appearance. This cu* 
rious illnmination continued with undiminished intensity for 
eight or ten minutes, when, becoming gradually fainter and 
less extensive, it finally disappeared, afler a duration of not 
less than half an hour.*' 

Philosophers know that in many instances the most occult, 
and apparently the most feeble agents, are productive of the 
most important, if not the most vicrfent effects. When we 
rub a piece of sealing-wax with a woollen cloth, and induce 
in it a property by which it is able to attract to itself any 
light substance that may be near, it is scarcely possible to 
imagine that the same agent ^vems the formation of clouds, 
and that the terrific storm which shakes earth to its centre is 
bat its effect. Of its nature we may be ignorant, yet it re- 
sides in all bodies, and its absence would probably be their 
destruetion. There ana, it is true^^ causes which oiatmb Um 
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equable distribution of electricity, accumulating it here, and 
reducing it there, but a restoratiye force exists, and the 
broad-meed lightning is but a demonstration that that force is 
active. The earth may rob the atmosphere, or the atmo- 
sphere may rob the earth, but it is only a means to produce 
in effect necessary to sustain the present terrestrial arrange- 
ments, and when this has been accomplished,, the equilibrium 
is a^ain established. The changes which sre constantly hap- 
penmg, and the want of perpetuity that characterizes nearly 
aU terrestrial phenomena, are the elements by which the Cre- 
ator sustains tne freshness and vigour of the world destined 
to support uid delight man and the inferior animals under hia 
control. 



CHAPTER VII. 

PHINOKINA DSPBNDANT ON TERRBITBIAL MA0NBT1»M. 

Having described the natural phenomena which result 
from the agency of electricity, it may be well to make some 
allusion to those which depend on magnetism. Philosophers 
are as ignorant of the nature of the magnetic as they are of 
the electric agent ; and they are as imperfectly acquainted 
with their influence upon and relations to eacn other. So 
fiur as observation has extended, there is no lack of evidence 
cidculated to impress the inquirer with a belief that these 
causes are intimately connected, if they be not in fact identi- 
cal. But, before we make any reference to the nature of 
the agency, it will be necessary to describe some of those 
effects bv which its presence may always be determined. 

The fundamental principle of ms^etism, or the science 
which explains the phenomena resulting from an Qccult a^nt 
so named, is that iron and ferruginous bodies in general, in a 
particdar state, have a directive power, one end pointing to 
a spot near the north pole of the earth, and the other to a 
correspondiiu| |)oint in the south. There seems, in fact, to be 
a peculiar affinity between the poles of the earth, or points 
near them, and the ends or poles of magnets. This attractive 
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pmrer ii not eonfiiMd, as mieht be mipposed, to one pole, but 
L equaUv active in both ; and, could we entirely nentralize the 
effect of one, the other would be found tufficient to keep the 
magnet in its oostomary direction. 

That we may clearly explain the nature of this attractfve 
force, it win be neoeasaiy to refer to a few facts that espe- 
eii^ relate te artificial magnets. 

IIm magnetic power was first observed in a certain ore 
ef iron. 'Hue magnetic iron ore appears to have been knowB 
from a very early ace ; but by what means it became knowBi 
or to whom the ducovery is due, can only be a matter o# 
conjecture ; and faUe in this instance, as well as others, sup- 
plies the place of truth. The Chinese lay claim to the merit 
of the discovery, and the Greeks induce us to favour their 
mretensions, by pleasing the fancy with a beautiful fable. 
The loadstone, they say, was discovered by Macnes, a shep- 
herd of Mount Ida, who found a piece attached to the iron 
of his crook, and from this circumstance, it is said, the ore 
derived its name. The Hindoos aie not without pretensions 
to the honour, and support their right with reasons as feasi- 
ble as dkose adduced by other nations. The inflnenee of 
magnets upon ferruginous bodies was orobablv known long 
before its directive power was discoverea, wlucti is to us its 
meet important property. It is generally supposed that John 
de Giova, a Neapotitan, ought to have the honour of the dis- 
toveiy ; but Dr. Gilbert imd others s^ that the compase was 
broumt into Italy from China,, by Pkulus Yenetue, in the 
year 1»M. 

It is not at i^ singular that there should be so mtrch differ^ 
ence of epinioii upon a subject eenceming which no snthen* 
tieated evidence can be adduced. The magnetie prmciple 
of direclioB may have been discovered in Asia, Africa, or 
Ewope, and yarious nations lay cHum to the honour, e^eh 
one raidiBg defenden. Europeans have been ae anzions to 
establish a right te the discovery as other nations, and their 
awdety has bee» probi^ly increased by the knowle^ that 
(fai^ Mve long- possessed a monopoly of intellectual energy 
and its oonsequent. It has been justly re ma rked by a ce& 
bieted writer en magnettam, that if the discovery can be 
attribated (a Btaropeans, the Norwegians have die best claim 
te it, not only from the character of their eaxfy entespiises^ 
but dso tnm the probabflity of their meetmg with Ae oie 
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waoog tha rocks of th«r natiTe eowitiy. This soMooition Is 
itreoffthensd by the fact that they were acquainted with the 
art ofnayigatioD long before any other European nation, or 
were at ieut more practised seamen ; and from the darin|[ 
they evinced it may be sopposed, without misappiying &ct% 
that they were acquaintea with the directiTe power of the 
magnet. It is, however, a matter of little impartance, whether 
the discovery was made in Europe, Asia, or Africa; for, 
although we should honour the memory of the discoverer, did 
we but know his name, uid perhaps speak of him as " the 
immortal," he would be nothi]]g the better for our admiiation, 
and we should dehve no practical advantage. 

The magnetic iron ore, or loadstone, consists of the proC* 
ozyde and peroxyde of iron, with a smali proportion of silica 
and Idumina. In the iron nunes of Sweden and Norway it 
is v«xy abundant, and is found. in Arabia, China, and other 
Asiatic countries. The appearance of the ore varies sccord- 
ing to its con^KMition. When tw(^ or more substances are 
chymically muted together, the properties and appearances 
by which the^ are iadividually known are g|cnOTalfy lost, and 
the combination has characters peculiarly its own. It may 
therefore be anticipated that the appearance of the magnetic 
iron ore is reffulaited by the proportional quantities of the 
several mineral substances which compose it, though a prac* 
tised mineralogist may generailv detect it by its dark gray 
cokiur and peoutar lustre. All iron ores are under the con* 
trd of the magnetic principle; but while some only obey its 
influence, others are the local habitation of the principl« 
itself. All ferraginovs mbetaacee are attracted by the mag- 
netic agent, but the magnetic iron ore possesses in itself the 
attractive power. If we had only two ores of iron, one mag* 
netie, the other not, it would be iznpoasible to determine 
which possessed the magnetic princ^le; as soon as they 
were brought within the sphere of attraction, they would be 
drawn towards each others^ boi there would be no means of 
determimng which was the attractive and which the attracted. 
But, supply us with a second magnet, or fragment of iron, and 
this is eamly determined. If we take the piece of iron and 
bring it se«r to the magnet, it is immediately attracted ; but if 
it be brongfit into contact with the unmagnettaed iron, no 
such force will be in activity. U, instead ofthe piece of iron, 
we are fumisbad wdh a magnet, an entirely dianrsnt course 
S 
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of phenomena will be |yreeented. The unmagnetized ore wfll 
be attracted by it under all circumstances, in whaterer man^^ 
ner it be presented ; but the magnetized ore will be sobm* 
times attracted and sometimes repelled, and bj this change 
of effect the magnetic principle is detected. 

It has been proved, bj many careful experiments, that all 
metallic bodies, and probably many others, may be inTosted 
with magnetic agency, but iron receives it more readily than 
any other substance. It is said that a metal which contains 
omy 180,000th part of its weight of iron, a proportion which 
cannot be detected by chymical means, may be magnetized. 
But the asent has an elective power, and is more powerfully 
condensed, if we may employ the expression, in that particu- 
lar ore called the loadstone ; why it chooses this combination 
of substances in preference to any other, the philosopher has 
no means of determining, and cannot at present pretend to 
guess. 

The mere existence of a magnetic iron ore would be of 
little importance, if there were no means by which the power 
could be transmitted mto or induced upon other bodies. The 
process that would be required to reduce the magnetic iron 
ore into a shape suited for the purposes to which magnets are 
applied, woola have- a tendency to destroy the power itself; 
for both heat and hammering destroy magnetism. But the 
natural magnet or loadstone can communicate its peculiar 
properties to iron and other ferruginous substances. If a 
small piece of steely as a sewing-needle, remain for a little 
time in contact with a loadstone, it will become a nwcniet ; 
and if freely suspended upon its centre of gravity, will direct 
itself north and south, in the same manner as die substance 
from which it derives its power. Bars of steel may also be 
made magnetic by robbing them with a loadstone or artificial 
magnet. This singular mductive power, possessed by the 
magnetic principle, gives great facilities of investigation, as 
the agent may be cafied into activity in any ferruginous body. 
We Dkight speculate as to the nature of this process, but there 
is an uncertainty connected with it which cannot be vei^ 
easily removed. It is possible that the agent, whatever it 
may be, exists in all ferruginous bodies, and that the directive 
power results from its accumulation ; or it may be that it is 
actually communicated by one substance to another; a tap- 
poiition, how'ever, not veiy probable, as by one magnet hun- 
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^wdfl may be made, and the original magnet will be itrongvr 
after the process than before, a circumstance which cannot 
ba reconciled with the theory of communication. 

But there is another result peculiarly characteristic of mag^ 
•nets, or rather of the agent itself, and that is the attractive 
and repulsive power of magnetic poles between themselves. 
That end of a magnet which pomts to the northern hemi- 
sphere is called the north pole of the magnet, and that which 
is directed to the southern the south. But, if wo take two 
magnets, and bring their north poles together, a strong repel- 
lant power is callM into action, and they fly from each other, 
and the needles can nerer come to rest till the south pole of 
one is directed to the north pole of the other. This is not 
merely the result of a strong repulsion between poles of the 
same name, whether north or south, but is partly produced bv 
an attraction between poles of different names, for the north 
and south poles evince an evident tendency to come as nearly 
as possible to each other. Acknowledflring the force of this 
law of the magnetic agent upon itself, it will follow that we 
have misnamed the poles of the magnet. There can be no 
doubt that the force subsisting between a magnet and the 
earth resembl,es that which is exerted between two magnets. 
It would therefore be more proper to reverse the names of 
the poles ; for as poles of opposite names attract each other, 
that which is directed to the north pole of the earth is the 
south pole of the magnet. For some reasons, the alteration 
of terms mi^t even now be desirable ; but so many incon- 
▼eniences anse from a change of nomenclature, that it is gen- 
erally better to keep an inaccurate term than to confuse facts 
by the adoption of a better, and especially when those terms 
are in common use among practical men. 

These prehminary statements wiU enable us to explain the 
action which subsists between a magnet and the earth, and 
the variations to which the directive power is subject. The 
facts will perhaps be more intelligible if we imagine the earth 
to be a magnet, or rather to enclose a magnet extending from 
north to south, having a revolution round a small ^circle in 
both hemispheres. But, at the same time, the reader must 
bear in mind that the hypothesis is only employed for the 
sake of illustration. 

The poles of a magnet freely suspended do not point to 
the poles of the eftrth*s rotation, and hence we may deduce 
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that the polet of rotatioii and tha tarraatrial ai^gMlie polaa 
are not lituated in the nine point. Thia eifeunatance mmj 
poMibly have led the naTigatora, who fiiat amplojred the mag- 
net to direct their comae over unknown aeaa, into many er- 
ror*, and the inaccoraciea which we aometimea deteel in 
their obaervationa may frequently be traced to thia canae. 
But the variation, and the changes to which it ia aabject, do 
not in any degree aifect the practical utility of the magnetic 
needle, when employed by the mariner to direct him from 
ahore to shore over known and unknown aeaa. 

The application of the directiTe power of magnets has dene 
more to extend our- acquaintance with tho auperficial ckai- 
acter of the earth and the condition of ita inhabitants, to ex- 
tend commerce, to promote manufactuiea, and to civihie 
mankind, than any other scientific feet. It ia true that nav- 
igation in a ^eat degree depends upon aatronomy, hoi it is 
scarcely possible to imagine how the sailor could dare a paa- 
aage over the vast wild of waters, had he not the compaas aa 
his director. The heavens, covered from day to day with an 
impenetrable curtain, would be a chilling anticqMtion to die 
mariner, sufficient to. quench the most enthusiastic ardour for 
discovery or commerce ; but with the magnet he is oompaf^ 
atively safe ; for though causes do exist by which the directive 
power may be destroyed, yet even the voyager ma^be put in 
possession of means by whicK to reatom it ; and it ia a aingi»- 
lar circumstance, that the agent which dasUroys can alao x»- 
atore. Several instancea have oecorred in which vess^ 
have been struck with lightning, and the paaaage of the elec- 
tricity through the magnets haa either deatroyed or rsveraed 
their polarity. It is seldom that the mariner pbasesaaa the 
means of inducing aflain the aame power, though an electti- 
fying machine and a laige Leyden jar are aU that would be 
requured for the purpose, for it ia well known to the electri- 
cian, that the magnetic power may be produced by paaaing 
electricity in an accumulated state through ferruginoua aul^ 
atances. These accidents, however, are by no meana fre- 
quent, and their number bears no proportion to what might be 
anticipated from the known frequency of the cause of disturb- 
ance, and in no instance has the spirit of discoveiy been vfr> 
tarded by the fear of accidents ; but, with the compass in hie 
hand, man has travexsed deserts and oceans, mtrodmced civ- 
iliiation and the arts of life into the moat tnhospitiA»le and 
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bafbarons climef, and established that communication be- 
tween nations which must altimately be productive of the 
greatest possible advantages to societv at large. 

We are sometimes almost persuaded to believe that ter- 
restrial magnetism was expressly provided to facilitate the 
efforts of man in extending the beneficial influence of knowl- 
edge, and to encouiase the feeling of curiosity by which h« is 
so much governed m all his determinations and actions. 
That this was one of the motives which influenced, if we 
may so speak with reverence, the Eternal Mind, is probable, 
but we can assign no limit to the influence of the magnetic 
principle, as developed on the surface of the earth, rhilos- 
ophers have been unable to trace any positive Connexion be- 
tween the phenomena which seem to be the necessary re- 
sults of the terrestrial constitution of matter, and terrestrial 
magnetism ; yet it is possible that climate may be in some 
degree under its control, electrical phenomena may be gov- 
erned by it, and the position or activity of volcanoes may be 
determined by its intensity and force. 

The view we are accustomed to take of material creation 
is so imperfect and confined, that appearances seem entirely 
independent the one of the other, and the system of the 
world to be, as it were, disjointed and broken. We ought 
to use our theoretical opinions as mirrors, not so much for 
the purpose of looking at them, as of discovering some other 
objects by their means. The Creator must . regard the uni- 
Yerse as a mighty individuality, illustrating his wisdom and 
power ; we see but a portion of it, and are compelled to di- 
vide and subdivide that which comes under our view, and are 
fortunate if we can but ascertain the cause and relations of 
some one, and that perhaps an unimportant phenomenon. 
Ultimate principles are, we believe, entirely beyond our 
reach ; and the only reason we can give for the existence of 
the complex phenomena by which we are surrounded, is the 
will of an Almighty Mind to support the existence of animal 
life in a pleasurable condition. But, when we look at the 
causes which are influential in the production of this result, 
we cannot but feel surprised at the means which have been 
employed for its accomplishment ; for although we perceive 
theur adaptation to produce the result, yet they seem to act the 
one against the other, and yet without interference, as though 
tbev had no other objeat than to prove the mutability of ma^ 
S9 
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terial ezittence. Dntnicthre and conMmthw agenli «• 
evenrwhere acting in concert, and to take away one or beUi 
would be to create an inextricable confusion. 

POLAKITT ARD INDUCTION. 

From a yery early age it was known that the natural mag- 
net or loadstone has the property of directing itself to the 
north and south poles of the earth, and iirom the wntin|;8 of 
Plato we may judge that the ancients were not unacquamted 
with the fact that the same power xniaht be communicated 
to bodies containing .iron. vVhether Uiey were informed aa 
to the conditions which are most advantageous for the recep- 
tion of the magnetic power is doubtful, but it is now well 
known that hardness is a property essentially necessary for 
permanent induction. Soft iron is strongly magnetized Iry 
mere contact with a magnet, but the moment the magnet is 
removed the property is lost. Steel also is magnetized under 
the same circumstances; but the induction is less rapid, 
though after a long contact it permanently retains the com- 
nuimcated property, and becomes a magnet 

TIRUTION or THX lUaVBTlO NBIOLB. 

When a magnet is freely suspended in such a manner aa 
to have the power of horizontal motion, it turns itself nearly 
north and south, and, if disturbed, returns, after a few oscilla- 
tions, to the same position. There are few phees where it 
points directly to the north and south poles of the earth, but 
to the east or west of these poles ; this deviation is called the 
variation of the compass, and differs in amount and direction 
according to the geogr^hical position of the place in which 
the experiment is made, although there are some places in 
which there is no variation. 

The variation of the magnetic needle was not known for 
many centuries after the discovery of the directive power. 
No experiments of importance were made till the close of the 
sixteenth century, and yet it appears probable that die sismle 
fact of variation was known as early as the year 1269. Ca» 
vallo has quoted from a letter written by Peter Adsiger, dated 
the 8th of August, 1269, in w4iich the variation is positively 
stated : — "Take notice that the stone, as well as the needle 
that has been rubbed by it, does not point exactly to the 
poles, but that part of it which is reckoned to point to the 
■ottth declines a little to the west, and that part vrhieh look* 
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lovnrdi the north inclines m much to the eeet. The enot 
quantity of this declination I have found, after nuBerone es- 
periments, to be five deffrees. Howeveri this dectiaation is 
no obstacle to our guidance, because we make the needle 
itself decline from the true south by neurly one point axkl a 
half towaids the west. A point, then, contains five degieee.*' 
The authenticity of this letter has been doubted, and maar 
ugnments have been adduced to justify the tkeptieism. U 
is true that no notice was taken of this iact for two eentnnee 
after its discoTory, and this may appear singular in the pros- 
■eat day to those who do not know that even in this age of 
enlightened benoTolence and disinterested leal diseoTeriee 
are too frequently estimated by the weahh and influence of 
the discoverer more than by their intrinsic vakie. But a 
.graver charge has been pleaded. It is atated that, if the 
▼ariation had been observed, it would, at the time mentionedy 
hare been directed towards Uie west instead of the east 
This argument is destroyed by another, which has been coup 
eidered by the same persons as conelosive e|^net the claime 
0f Adsiger to the merit of the discovery. The instrumente 
employed at the time have been thoi^ inadequate for the 
discovery of the fact ; but we might say with greater propriety 
that the insufficiencv of the means accounts for the errone* 
ous results, though the pnnciple itself is true to nature. But 
it may be farther stated, that men do not usually fabricate for 
the purpose of deceiving, without having some interested 
motive. When individuals practise the arts of deception, 
they are invariaUy influenced by personal objects ; it vrould 
be absurd to suppoee a man a deceiver for the public ^ood, 
and it is almost io^ssible to imagine so violent a misan* 
tfaropy as that which would-be displayed in an attempt to de* 
ceive with the purpose of producing a public evil. With 
these opinions we cannot assent to me supposition, that the 
letter bearing the name of Peter Adsiger is the wmk of one 
who had no other desire than the deception of poststiiy. If 
it were |)Ossible to imagine a confirmed misanthropist pre* 
eenting himself to the world for the purpose of stating an 
important fact, that he might deceive all men as to the date 
of its discovery, then, indeed, we might agree with tiM die« 
putants,that the letter in question was unworthy of oredenee, 
and that the fact stated was discovered at a period subse* 
quent to the date recoided. But» as we cannot assent to the 
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penuMt, 80 W0 must be permitted to beliere that the letter 
IB not a fabrication, and that the variation of the needle was 
known as early as the thirteenth centary. 

There are some places where there is no variation, and 
the line which connects aU these places together is called the 
line of no variation. This line is very complicated, and ap- 
pears to have no- relation to those great circles which are 
ealled bv the geographer meridians. It may be traced from 
the north magnetic pole of the earth, supposed to be situated 
to the westward of Baffin's Bay, to the United States of 
North America ; crossing this continent, it enters the Atlan- 
tic, passing to the east of the windward West India isles to- 
wards the northeastern point of South America, over the 
southern Atlantic into Uie antarctic circle, bat its course 
here is unknown. It is found again to the south of Van 
Diemen's Land, and crosses the western part of the Austra- 
lian continent. In the Indian Archipelago it is divided ; one 
branch crossing the Indian Sea to Cape Comorin, traverses 
Hindostan, Persia, and the western part of Siberia, and en- 
ters the North Sea : the other branch traverses China, Chi* 
nese Tartary, and the eastern part of Siberia. 

It is almost certain that there are at least two ma^etic 
poles in each hemisphere, but their exact situation is not 
known. If we could determine the magnetic e()uator, there 
would be less difficulty in calculating the position of the 
poles ; but, in the present state of our knowledge, this prob- 
lem cannot possibly be solved in any other manner than by 
experiment. Attempts have been made by voyagers; but 
those who are acquamted with the local disturbance to which 
the needle is subject, mast be aware that the circumstances 
under which the experiments have been made were so onfa- 
voarable that we can scarcely depend upon the results. 

It was long supposed by philosophers that the magnetic 
poles were situated on or near to the surface of the earth, 
but the accuracy of this supposi^on was ailerward doubted. 
M. Biot was the first to attempt the solution of this question 
by calculations founded on the observations which had been 
made, in various parts of the world, upon the dip and ^Jji"^ 
tion, and more especially upon those furnished by M. Ifum- 
boldt. Professor Kraft, of St. Petersburgh, also undertook 
the same examination, and the two philosophers arrived at 
the Mine law, proving the inaccuracy of the d»t su 
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ANNUAL CHANOB IN TR« TABIATIOV. 

Normtn qipears to haye been the fint philoaephBT ^4i« 
o^ieerved win Mcurtcy^he Tarifttion of the aoedte in Loi^ 
dcnn, hat the time of. hie obeervation is not known. It wee 
then U^ 15' east. Mr. Christie, speaking^ of this subject, 
saysy ^ No date is given for this obsenration ; bat, from Uie 
eircumstanee of BAroagh referring to Norman's book in the 
pre&ce to his * Ditemtrte of ike VariaiioH ^ tk$ Compitss^* 
dated 1681, it would afypear that there nrast have oeen an 
earlier edition of Norman's book than that of 1506^ and that 
his observations must have been made before 1681." This 
writer, however, was not aware of the fact, that the varia- 
tion of the needle is constantly changing, though he did 
know that the variation itself depen£ upon the position 
of the place in which the observation is made. " Althoogfa,'* 
he saya, " this variation of the needle be found in trav^ to 
bo divers and changeable, yet at any land or fixed plaeo 
assigned, it lemaineth always one, still permanent and abi* 
ding." We do not pretend to decide upon the claims of in* 
dividuals to the honour of discovering the important philo^ 
aophical fact, the annual change of the variation. Some 
writers give credit to Gunter, and others to Grellibrand; and 
as they both have claims which cannot be diluted, there is 
little hope of deciding between them. 

In 1660, the line of no variation passed through London, 
and at that time the needle must have pointed directly north 
and south. From this period the line of no variation moved 
westward till 1818, when the variation in liondon was 24^ 
8(K, and it has siuce been retrograding, so that, in the course 
of years, the needle will again point to the north sad south 
poles of the earth, and then take an easterly direction. Paris 
was on the line of no variation in the year 1664 ; and in 
1824 the variation was 22° 44' west ; at this time, or shortly 
afterward, it came to its maximum, for M. Arago found that 
in October, 1829, it was 22° 13' &", 

This constant change in the variation of the magnetic 
needle is a subject of great interest ; for, nntil the rate of 
change is accurately determined, there must he some degree 
of uncertainty in the use of the compass. Should Uie point 
of direction vary only half a degree, it might be of serious 
oonseqnenee to the navigator Some yean must elapse be* 
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fyn we can be supplied with the data neceaaaiy to deteimin* 
the law which governa the annual change of variation. It is 
stated bj the author of Magnetism, in the Library of Uaefnl 
Knowledge, from a table given by Mr. Gilpin in the Philo- 
sophical Transactions, that the amount of annual ehttoge 
has been continually decreasing from the commencement of 
the eighteenth century. From 1622 to 1778, it was only 8'; 
from 1787 to 1795, it was 6' ; from that time to 1803 mdj 
I* 8" ; in 1818, it was reduced to zero. The law which 
governs these changes may be determined when a more ex- 
tensiTO series of observation has been made. 

DIURNAL CBANOB IN THE TARUTION. 

The masnet is subject to a diurnal as well as an annual 
change of the variation. This was discovered by Graham, in 
the year 1772, the greatest westerlv variation happening, as 
he supposed, about noon and the four following hours, the 
least about seven in the evening. More accurate observa- 
tions were afterward made by other experimenters, and it has 
been found that the motion is much more complex than was 
at first imagined. Gommenoing our observations at about seven 
or half past seven o'clock in the mominff, we observed the 
needle to have a sli^t westerly motion, v^ch continues till 
about two o'clock m the afternoon. The direction of the 
motion is then changed, and the needle slowljf retrogrades, 
and returns to the eastward until evening ; it then again 
takes a westeriy direction, returning again during the ni^t or 
early in the morning. Its maximum easterly direction is 
about seven o'clock m the morning. This daily change of 
variation amo\int8, at some periods of the year, to fourteen or 
fifteen minutes, and is greater during the summer than the 
winter months, but experimenters are undecided as to the 
month in which it is greatest. Canton and Waigentin 
thought its maximum to £b in the month of July ; but, ac* 
cording to Colonel Beaufoy's experiments, it is greatest in 
June imd August, and in this gentleman's results we may 
place great dependance, from his known accuracy, as well as 
from ue time he continued to observe this phenomenon. 

From the moment that the diurnal change in the variation 
was observed, it has been a favourite supposition that it hae 
its origin in the action of solar heat ; but it is ovfy since 
Oerstod'i ever memorable experiments upon the infiaenceqC 
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t voltaic circuit on the magnetic needle, and Seebeck'a dia- 
eovery of the influence of heat in inducing electric currenta* 
that any well-founded theoiy of magnetic action and phe« 
nomena reaulting from it haa been formed. But we ahall 
hereafter have oecaaion to refer to the origin of terreatrial 
magnetiam; the diurnal variation in the direction ia the 
preaent object of attention. If the unequal diatribution of 
neat through meti^ic, and, in all probability, other bodiea, can 
eanae the development of electric currenta, then the earth, 
containing metallic, aa well aa other substances, and aubject 
to a constant variation of temperature, in.conaequence of the 
diurnal and annual revolution, muat be in an unequal electric 
condition, and conduct through its mineral crust electric 
currents of varying intensity and character. The superficial 
crust of the earth can, in fact, only be considered as a vast ther- 
mo-electrical apparatus, and to its influence we may trace the 
diurnal variation of the needle. Mr. Christie, speaking of a 
course of experiments he made on this subject, says, " from 
these I drew the conclusion, that one part of the earth, with 
the atmosphere, being n^re heated than the other, two mag* 
netic poles, or rather electric currents, producing effects re- 
ferrible to such poles, would be formed on each side of the 
equator, poles of different names being opposed to each other 
on the contrary side of the equator ; and that different points 
in the earth's equator becoming successively those of greatest 
heat, these poles would be carried round the axis of the 
earth, and would necessarily cause a deviation in the hori- 
zontal needle. On comparing experimentally the effects that 
would result from the .revolution of such poles with the diur- 
nal deviation at London, as observed by Canton and Beau- 
foy, also with those observed by Lieut. Hood, at Fort Enter- 

rrise, and finally by the late Captain Foster, at Port Bowen,^ 
found a close agreement in all cases, in the general charac- 
ter of the phenomena, and that the times of the maxima east 
and west did not differ greatly in the several cases. The 
double oscillation of the needle clearly resulted from this 
view of the subject. Some of the experiments to which I 
have referred showed, that when heat was applied to a globe, 
the electric currents excited were such, that, on the contrary 
sides of the equator, the deviations of the end of the needle 
of the same name aa the latitude, were at the same time 
always m the same direction, either both towards east er 
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both towavds WMt'* The dinmal deTktion ii graatij iiifln- 
•need 1^ local caoeee, Mch ms the itata of the iraather, and 
•epecialqr the tempefBtnre, a circumttance whieh strongly 
temla to confirm tM Mppoaitian that it is under the con&l 
of thoee electric eamAts^ excited hy the action of nneqnai 
evnrents of heat. 

De Saossore iMde» sohmb time since, a seiies •f expeii- 
ments on the Col da Q^ant at an eletatioa of about 
11,300 feet abofO the level of the tea, with the object of 
determining the inflaenee of eleration upon the dional 
change of nviatiOB. By oonparing the tesnlt of these ob« 
serrations with those which he obtained at Ghamoimi and 
Geneva, he discovered that the change is but little influenced 
Vf the altitude of the place, the course of the dhinal vam- 
tion being the same in the three places, the times of the least 
and greatest variations being later on the Col du Otoit than 
at Chimouni or Geneva. 



The needle is subject to a perpendicular as well as a ver* 
tical motion. Norman discovered that a needle, accurately 
balanced, and perfectly horizontal before it was touched by a 
magnet, alwajs lost its position after the magnetic principle 
was commumcated to it, the north pole declining below the 
horixon in those countries situated in the northern hemisphere. 
This mgenious phflosopher invented an instrument by which 
to measure the inclination or dip, and detenhined it to be, in 
London, about 71^ OO'. This experiment is supposed to 
have been made in the yeaor 1676. The same philosopher 
was aware of the fkct that the dip changes witili the situation 
of the place m which the needle is suspended, though he 
was not aware of the circumstances which influence this 
change. 

It may be stated, as a general law, that the dip increases 
from the equator to the poles. If the poles of the earth's 
rotation were the magnetic poles, then this would be strictiv 
true, and on the equator tne magnet would be horizontal, 
while at the poles it would b© vertical. But, as the terres- 
trial and magnetic poles do not coincide, neither can the ter 
restrial and magnetic equator. 

The dip may be very well illustrated by suspending a smajl 
magnetic needle over a hrge bar-magnet ; when the mid^ 
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ii litoatod diree^y over the centra of the magnet it wifl b« 
heriiODtal, haTing no tendency to incline either to one pole 
or the other. But, as it is removed from thig point to either 
end, the inclination is observed ; and when sitnated over the 
pde, it would, if nninftnenced by other forces, hie quite yer- 
tical. The same appearances are observed on the surfiMO of 
the earth, for it acts as though it were a ma^piet ; and there 
is a line called the magnetic equator, on whi^h the magnetio 
needle has no dip, and there are points in both hemis^eres 
where it is verticaL 

The magnetic equator is notan ez^ct circle of the sphere, 
for although it does not recede iiom the terreitrial equator, 
north or south, more than 16^ or 16^, yet it cnts the equator 
in three or more places. Captain Dopeny crossed the 
magnetic eouator several times during bi»^ voyage round the., 
world, which was commenced in the year 1822 and com- 
pleted in 1826^ The results of his observations are ffivea 
m the " Annales de Chimie et de Physioue." The node of 
the magnetic equator, or th^t point where, it crosses the 

r tor of the earth, is near the Island of St. Thomas, 
t 3^ 20^ to the east of the meridian of Paris. From 
this point it advances rapidly to the northeast, and crosses 
the continent of Africa. It then stretches onward, for a 
short distance, in a line almost parallel to the equator, but,, 
gradually declining, passes through, the south of HindostaUi^ 
touching the n<wtnem extremity of the Island of Ceylon, and 
forms an irregular line passing through Malacca, the north. 
0^ the Island of Borneo, and to the south of the Carblinee. . 
At about 175^«east of Paris it again crosses the eouator, 
and makes but a smaU angle. until it reaches about 100^ west 
from Paris, when it takes an eccentric course throu^^ South 
America, having, in some jdaces, a distance, from it of 16^. 
It then passes, m an irregular line, through the Atlantic to- 
wards the Island of St. Thomas. There is, however^ a 
singular circumstance which has been observed concemmg 
its passage through the Pacific Ocean. In longitude 118^ 
14' west, the ma^etic equator crosses the equator of the 
earth, and in longitude 156^ 3(K it has been traced at soma 
distance to the south of the equator ; but in the sea of China, 
i» 118^ east longitude^ it is north of the equator, and, con« 
eaqnently, must have^interaected it in some point between 
tbM ta» plius)^ TW 9^ tliap. M l^t.thM* 0tfiiit« 
T 
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wfa«re the nugnetie and terrattml eqoaton crosi mth 
other, aud there are strong probabilities that there miqr bo 
eyen more. > 

But the dtp is eiibject to change, as well as the rtriatioiu 
When Norman made his experiment, in 1676, the inclioatioii 
was 71^ 6<K. In 1828 Captain Sabine found it to be 6^ 
47'» and Captain Segelcke measured it at Woolwich im 
Ndyember, 1830, as 60® 98^. The magnetic eqaator is not, 
therefore, a fixed line, bat varies with the position of th» 
magnetic poles. According to the ejcperiments of Captain 
Sabine, the dip has- been decreasing about three minutes 
annually for the last fifty years. 

There are many subjects of great interest xoonected with 
the magnetism of the earth, to which we cannot even allndo 
in this outline sketch, b|it must close the chapter with «n ac- 
count of some of those opinions which have been entertained 
as to the origin of terrestrial magnetism. 

ORIGIN OF TXBRXSTUAL MAONXTISlf. 

The name of CHlbert will ever be nssoeitted idth th# 
science of maffneiism, for we are equally indebted to him for 
the rariety and accuracy of his experiments, and the sound* 
ness of his deductions, so far at least as the state of the 
science in his day admitted. This emin^t philosopher, t» 
whose memoiy posterity has not awarded jtfstice, eonsidered 
the earth to act i:rpon a needle, as though it were itself u 
magnet, and that the direction of the magnet was due to the 
earth's magnetic power. That end of the needle which' 
points to the north pole of the earth he called the south pole 
of the magnet, and that which points to the south he called 
the north pole. Although the naiftes/of the peiles have been 
changed, they were accurately designated by Gilbert, and the 
names by which they are now known contradict the ac- 
knowledged principle that poles of the same name repel 
each other. 

Halley accounted for the Tsriation and dip by snpposinr 
the exbtence of four terrestrial magnetic poles, two m eacE 
hemisphere. One of the northern he conjectured to be about 
7^ from the pole of the earth, in the meridian <ff the Land** 
End, and the other about 15^ from the pole, in the meridiaa 
of Cslifbmia. One of the south pcrfes he supposed to bo 
aituated about 16^ from the tq[restriat pole of -ttis ^aofttham - 
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lieiiiiflphere, in a meridian about 30^ to the weetward of 
Magellan's Straits. The other, which Halley considered the 
most powerful of the fom, he conceived to be about 20^ 
from the pole of the earth, and in about ISO^ east longitude. 
One pde in each hemisphere is supposed, according to the 
terms of this theory, to have a revolution round the magnetic 
«xis in a period of about seven hundred years. 

Profesaor Hansteen has adopted Halley's hvpothetii, so 
iar at leaat as to acknowledge the existence of four magnetic 
poles, though he supposes them all to be in motion, the 
northern poles having a revolution from weet to east, the 
aouthem nom east to west. This theory accounts for m>ny 
phenomena, and has received much attention from philoso* 
phers in this as well ae in other eountries. - 

There has been much speculation as to the cause of thit 
rotary motion of the magnetic axis. Some writers have at- 
tributed it to the progreasive otydation of the metals, some 
to cold, and othere to eleetricity. But the attention of all 
observers is now turned towards the application of the won- 
derful diacoveries which have been made in the eircumatancea 
and effects of electro-magnetie action, hoping that the time 
may not be very far distant when the cause of magnetism 
shall be perfectly understood, and its phenomena accurate^ 
traced. 



CHAPTER VIII. 
niTSRtom or tbb «abth. 



Whbn the eemi'diameter of the earth ia compared with 
the deptha to which geological researches have extended, it 
is almost literally true, that wja are ignorant of the constita* 
tion and condition of its interior. -But it is eingolar that, 
with so few facUxties for investigation, so much should have 
been determined, which in all probability is nearly allied to 
truth, if it be not truth itself.. A few strong-minded individ- 
uals commenced the investigation, and althou^ practical in- 
ffiirifla w^re for aome timfi retarded by the viaionaiy theoriM 
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tikit wan ffueceniTely prapoted, foeh iactt htva now bemi 
datarmined la amble ^lomaiu to fonn soma opinion of the 
aoccaaaiva changaa wuch l£a aarth haa undaigona, and tha 
cauaaa by which thay ware prodaced. 

Carioaity ia attmnUlad fagr tha difficalty of obtainins tha 
kind of knowladga that ia daaired ; and, gananlly apa^ui^, 
our anxiaty to aacaitain tha natnra and action of a oanse, u 
in pioportioQ to tha intenaity of tha darknaaa by which it ii 
•nvalopad. Man bava (rom the aarlieat agea been aaidnc 
one another, '' Of what ia tha mterior of the earth compoaedT 
and by what canaei ia it acted on V* And, in the abaance of 
all information, they have atated wild conjecturaa aa tnitha> 
and have maintained their' opiniona aa though they had bean 
founded on the moat aocmmte axparimanta, or deduced from 
undeniable princi^ea. Two antagoniat thaoiiaa, tha Nep- 
tunian and Plutonian, sprang into axiatenca at the Teiy birth 
of ^logical Bcien<^ and have atill their advocataa ; the one 
attnbutea the formation of rocka to the agency of water, and 
tha other to igneous cauaaa. There is now Uttle doubt that 
both these agenta have been active in producing the preaaiik 
atate of the earth, and tha most decided advocataa of tha 
Wemarian doctrines are giving up the contested principlea 
of this theory, and admit that heat may have ponced aoma 
of the appearancea we behold. 

It may excite surprise that the geologist should have suc- 
ceeded m ascertaining by direct observation any valuable 
facta concerning tha rooks vrhich form tha frame-work of our 
^obe. Had he depended for information upon the examina- 
tion of those parts exposed to view by the excaTationa of tha 
miner, his knowledge must noceaaarily have been exceeding- 
ly limited ; confined, m fact, to those few beds which lie upon 
the surface. But all rocka have, mora or leaa, auffered a 
chanffe of level, and many of the most ancient, that ia, thoae 
which are lowest, have been elevated sbove or through the 
anperficial beda, and thua axpoaed to examination. Tha 
^ologist haa, therefore, but Kttle more to do thaii to .exam- 
ma the surface of the earth, and he will there 6nd the rocka 
which he could have only found in the interior, if they had 
not been diatorbed by some subterranean elevating force. 

But the inquirer will not be satisfied with knowing thear« 
langement and characters of rocks, ha will be anzioua to a*' 
«0itain what if beneath them; and however diatant the teadar 
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may mippote ns to be from tny infimiuition on this fubteeCy 
it will be hereafter shown that the dpiniona which haTe been 
ibnned are not altogether eonjectnvml. The subject of the 
present chapter will, we think, be best explained by first con* 
siderinff the condition of rocks, or the crust of the earth ; and, 
second^, of that vast space beneath them, called the interior 
of the earth. 

THB CBUST OF JCUM lABTH. 

Tliat part of the mterior of the earth open to inTestigation^ 
has been appropriately called ita cnist. It is but the crust in 
relation to its thickness, as compared with^the semi-diameter 
of the earth ; and it may be found true in another sense, 
when the laws of the increase of internal heat hare been fully 
determined. 

Every one knows that the rocks which are ez^ed on the 
anrface of the earth are marked by great diversities of exter- 
nal characters and of chymical composition In one place we 
find a granite, in another a rock that bears upon it the marks 
of igneous fusion, in a third sandstone, and m a fourth clay ; 
and aU these may occur in an extremely limited district. 
The investigator will be, first of aU, snxious to ascertain if 
they have any constant relation to each other, and to fbrm 
spme general subdivision thst may guide him in identifying 
the rocks of one place with those of the same kind which may 
occur in another. Now, there are two great classes of rocks ; 
one is catted the primitive, and consists of those which lie 
at the basis of the series ; and thm other is the secondary, 
which contains the rocks that have been produced by the 
tran^rtor sediment of mmeral anbstanees accumulated by 
various causes. 

Without entering into any lengtheneddeseription of rocks or 
their supeiposition, we shaU state a few principles which may, 
it ia thought, be ftailj deduced from the appearance and con- 
dition of the mineral masses ; giving) at the same time, the 
deductive process by which these pnnciples are ascerUined. 
The reader may thus acquire a general notion of the manner 
in which geologists tra^e the piysical history of the earth, 
while, at the same time, he infonns himself as to the result 
of their investigations. 

1. The causes which are now active in destroying and 

ImuDg rocka, muat have pnduced the same aflBMta finom tho - 

T% 
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thef w»ra broogfat into eziateiiee ; and utai tw» 
toclu an ibmid to be identical in mineralogieal eomposition 
and chanctor, it ia a legitimato dedoction tluit they warn pro- 
duced by the aame eauae, thengh it may hare been more ac- 
tive, or more continual, in one inatance than in another. 
That rocka aie being formed in tbe preaent day there ia abun- 
dant evidence. The beds of livera and bceana are conatant^ 
It receiving the d^bna produced by the action of water upon 
tne aurface of rocka ; apringa depoaite in aome placea Urge 
quantitiea of ealcaraooa and other matter ; and volcanoea 
pour over the aurface of conaiderable dsatricta inmienae 
atreama of lava. But rocka bearing a cloae analogy to theae 
are iiaond to compoae the cruet m die earth, and it may, 
therefore, be dednced, that the caaaee vrhich are now active 
in the production of rocka, did produce thoae ancient maaaea 
wlikh form the framevrork of our globe. 

2. The conatruction of the earUi'a cruat muat have occn- * 
pied a conaiderable period of time, even upon the aaanmption 
that the productive agenta were then more n^d in the ac- 
compliahment of their efiecta than they are in the preaent 
day. Nearly aU the mineral maaaea that come under out 
notice are atrati&ed, and were evidently formed by the inatm- 
mentality of water ; aome by the pfayaical power it ezeite m 
transporting the disconnected fragmento of pre-existing rocks, 
and othera by a aedimentary process. Of these stratified 
rocks there are an immenae number, eome being only a few 
inchea, and othera many hundred feet in thickneaa ; a fact 
which provea that their formation muat have occupied a con- 
aiderable space of time. 

8. The circumatanee mider which a stratum vraa- produced, 
and, in aome instances, the physical condition of the earth 
at particular penoda, tokj be determined by an examination 
of rocka. Many of the stratified rocka contain the remains 
of animals and vegetables that lived at the time of their de- 
position ; and these may be generally employed aa evidencea 
of the circuBoatancea under which the bed waa formed, and 
the condition of the earth at the time. In some inatancea, 
the organic remains are found in a broken and almost tritu- 
rated atate, proving that the cataatiophe which imbedded 
them was somewhat violent, and, perhapa, aomewhat pro« 
loBMdk In ether inatanoea, the moat delicate atmcturea of 
ahaUa banre been ^rMorted ; and piaote are foood in aoch 
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tittisdimt M can only lead the obienrer to soppofe tlikt the j 
were sabmerged by causes that acted without violence. 
Some information may alto be obtained fiotn an examixntion 
of the foBsila themtelvee ; for, while aome beds contain the 
temains of animals known to exist in fresh water, otiiers are 
crowded with the remains of marine animals. Assuminff, 
then, that the habits of these animals were, at the time m 
which these stratified rocks were deposited, ^e same as now 
eharacterize uiimals of the same species or genera, a geolo- 
flist may claasify the stratified rocks under the two heads of 
fresh water and marine. This species of OTidence has per- 
haps been, in many instances, tod readily applied, and it is 
by no means judioions to form an opinion irom the presence 
of one or two specimens. But, when the remains generally 
have euch characters as warrant the obsenrer in the supposi- 
tion that animals lived in the same medium, he can feel no diffi- 
culty in deciding upon the question — ^was the bed formed in 
the sea, in a river, or in an inland lake ? There are inany 
animals that are known to exist in either fresh or in salt' wa- 
ter, and there are many others which may be inured to a 
ehan^ of residence. It may be hoped that this subject will 
receive a more careful attention than has hitherto been do' 
voted |0 it ; for it is not possible to determine with precision 
how much dependance can, under certain circumstances, be 
placed upon the dedtictions to which we have referred, until 
It has been ascertamed whether animals inhabiting fresh or 
salt water may not, by a gradual process, be able to exist in, 
tad at laat prefer diat medium in which they could not live if 
Uie transition were sudden. But, however this may be, it ii 
evidently injudicious to form an opinioh of a deposite from 
the presence of a few marine or fresh-water shells, as they 
inay have been brought by some local cause into the situa- 
tion in which we find them, or they may have had an halnt- 
ual residence in the fiuid by vdiich the bed itself was depose 
ited. 

The presence of organic remains in roeks also enables te 
geologist to compare the present state of the earth, so far ts 
relates to Uie provisions for the sustenaikoe of life, with its 
probable condition at the periods when the mieeessive strata . 
were formed. Assuming, again, that the habits of animals 
were the same then as in the present day, the naturalist maj 
readily determine the conditions which must have existed fot 
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die rapport of these animals. But many of the animals, the 
remains of which are <^*«coTered imbe<]ded in the mineral 
m^isses, are now extincv, ^ far as our knowledge of existing 
genera extends. The reptiles appear to have had, at one 
period, a great predominance over all other creatures, and 
many of them must have possessed forms and habits Tory dif' 
iferent from any that are now l^nown to be borne by animals 
of the same cli»ss. 

If we look to those classes of animals known among natQ* 
i<alis]ts a« the molluscs and coochifera, we shall find that they 
i)]so have been destroyed by the ravaging hand of time. 
3ome <>{ these have existed in vast numbers, as the multitudes 
that have escaped destruction and arr preserved in the solid 
i^ta folly ptgv « aod there are «ome genera, the Ammonita 
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for instance, that contained so many species as to give no 
flight trouble to the naturalist in his endeavour to fimi them 
names. To lueertain the exterminating process which has 
awept from the surface of the earth so many forms of being, 
may be a difficult task ; there are, however, causes in the 
preseni day, independent of the destroying agency of man, 
tending to decrease the number of certain species ; and ani- 
pnals Imown to be in existence a few years emee are not now 
to be found. Many animals are distributed in localities, fre- 
i^uently of small extent, and any violent physical cause acting 
«|ken those spots might destn^ the entire race. Australia 
appsiars to have a class of animals entirely its own ( and should 
iC at any fiuure period, suffer under one convulsion, similar in 
intensity to ihose which were eommon during the deposition 
of rooks, and be submerged, a large number of terrestrial an* 
imals would become extinct; while an elevation of the bed 
of the sa4^ would \m ^oaQy destructive to many marine ani* 
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The gsologitt may alio nther wmie infonnalion oMieeni- 
mg the circumstaoees under which a depoeite was formed, 
from the raineralogical Btructare of the bed itaelf. Ghrard 
mast be the effect of an impetuous motion of water ; it con- 
sisU of fraffments broken from rocks m titu : some of these 
are rounded, which could only be occasioned by the roUine 
motion given to them by the fiuid, and we may thereforo aC 
ways connect an aqueous cause with the existence of a peb^ 
Ue. In these gravel beds we find the fossils which charae* 
terize sedimentary rocks blended together, and hence we 
know that the foice which produced them must have acted 
upon an extensive tract of country. When beds of clay and 
limestone are found, the observer has evidence of a more 
gentle, thouffh, in all probability, a mora continued action of 
water, wheuier of rivers or of springs. 

4. Some geologists have imagined that they could deduce, 
from the character of the animal and vegetable remains found 
m rocks, a change of superficial temperature. The plants that 
are found in the coal measures, even in those of our own 
country, are of a tropical character, and must have grown in 
countries that possessed a temperature nothing inferiorto that 
of the equatorial regions. There are two hypotheses by which 
their presence in cold northern climes may be accounted for ; 
either they were drifted by the sea to their present places, 
which might happen without destroying their texture, suppo- 
sinff them to have been under the pressure of a considerable 
body of water ; or they grew in the countries where they are 
BOW found. In the same manner we may suppose the ani- 
mals, whose remains are found in rocks, to have lived near 
the places where their remains are imbedded, or to have been 
transported by causes posteriei.to that which destroyed life. 
There is one objection that stands in the way of the former 
supposition ; for if we acknowledge that animals and veseta* 
blea lived near to those spots in which their remains have 
been discovered, it is scarcely possible to avoid the concln^ 
sion, that at some former period there must have been an 
equality of temperature over a large portion of tba earth, a 
supposition that is not consistent with physical principles. 

6. From the presence of marine snimals in stratified rocks^ 
we msy deduce that the dry land must at some former period 
brro been covered by the sea, and that the bed of the ocean' 
must have been more than once elevated by some great coiip 
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vnUive foree. The stnliiied rocks mnit originally hav^bten 
horizontal, or nearly ao, and many of them were formed in 
the same manner as the deposites which are always to be 
fooad in the beds of rivets and the basins of oceans ; but 
ih9f were afterward acte4 upon by mighty disturbing forces* 
which elevated and disrupted them, throwing their strau into 
a. variety of forms. Some were upheaved m a mass by an 
iovisible but omnipotent anient acting beneath them ; some 
were tilted into inclined positions ; aiMl others, acted upon is 
more than one point, were made to assume the form of a 
basin. 'Diese effects have been both local and general, at 
pne time affecting a district not more than a few miles in ex- 
tent, and at others elevating entire continents and immense 
mouotsio chains. The agent, as we believe, that produced 
these mighty effects, was internal heat ; the same cause which 
in the present day mimics its former results by the exhibition 
pf volcanic action and other phenomena, to which it will be 
hereafter necessary to refer. The identity of cause is proved 
by the identity of effects, not only in the disturbance of. equi- 
librium, and in the arrangement of the solid materials of Um 
earth's, crust, but also in the character of the ejected matter \ 
for, during the continuance of those mighty disturbances to 
which the ftarth was subject when its crust was in the process 
of iormation, immense fissures were frequently formed, and 
from these the intumeseent mass was thrown, producing over* 
lying rocks of various extent and thickness, llie summits of 
mountains frequently consist of these unstrattfied rocks, which 
have beeo elevated into their present condition by the inter* 
oal force. At otl^r times they are seen between stratified 
beds, bearing evidence, in their position and construction, of 
the fact that the upper bed wfw formed after the consolida- 
tion of the volcamc rock that disturbed the inferior- mass. 
Not unfrequently these unconformable rocka, as. they are 
aometipies called, assume a columnar struoture, as at Staffii, 
£gg» and Antrim ; and in other situations they may be ciyar 
taUme or massive. It may, however, be necessary to remark, 
that the ejection of these volcanic rocks did not necessarily 
attend the exertions of these internal distnrbiag agencies ; 
for as an earthquake may happen in the present day without 
|he actual ejection of lava, so the same force did in the early 
Iges upheave the crust without any ejection of liquefied rock, 
f'roin these r^muka it vrill be evjdpnt th»t th« hoiiml^l 
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Wft btYe been elevated ; and in proof of this atatmnent w« 
have not only the evidence which is afforded by the preaenctf 
of marine animals at elevationa far above the present level of 
the sea, but also the existence of rocks which were produced 
b^ the action of internal heat. The discovery of marine foe- 
sils at considerable elevations is not of itself sufficient to 
prove that horizontal deposites have been elevated, but when 
the elevation of these beds has been determined, and the ig- 
neous mass that upheaved them is found, there can be no re- 
maining skepticism. 

OSNCRAL BElCAftltff^ 

Admitting the statements which have been made, it wiB 
appear that the crust of the earthy so far as it is open to in- 
vestigation, consists of a variety of compound substancea, 
aome having been produced by water, ana some by intense 
heat. A superficial examination of these would lead the ob- 
server to imiagine that they are destitute of arrangement ; 
and, if they should be exanuned mineralogically, they are so ; 
but, by the united assistance of mineralogieal charaeten and 
the contained fossils^ a tolerably perfect system has been pnK 
doced ; so accurate* at least, that the geologist may generally 
predict the succession of rocks without much chance of fail* 
ure« The unstratified rocks have no constant place, bnt are 
associated with the deposites of all ages, a circumstance that 
mi^ht be expected from their origin ; and the convulsions to 
which strata have been subject were confined to no particular 
era, although they appear to have been most violent and es- 
tensive dunng the formation of the older rocks. 

Looking at, this strb|ect for the purpose of thecnr^tical de- 
ductions, we are certamly led to the conclusion that the form- 
ation of the earth's crust was a work of time, and waa ac« 
coraplished by secondary agents of varying intensity, such ae 
are now existing and exerting an influence on the snrfaee of 
the earth. We must net, however, imagine the earth to 
have been, during this succession of ages, an unpeopled waste ; 
for in every period after the formation of the primitive locks 
it appears to have been inhabited by ar class of anmisb, and 
decorated with vegetation suited to its physical condition ; 
and the imbedded remains are sufficient evidence of this fact. 
But the violent changes to which the superficies of the earth 
were subject, could l^dly fail to be exceedingly destructivo' 



228 IKTERIOR OF THE EARTH. 

of life, and we aeeoTdiiiffly find that many genera which are. 
abundant in certain rocks are not to be found in others, and 
aie now extinct. Bnt it is a singular circumstance, and per- 
haps scarcely to be accounted for on known principles, that 
eforjF anite of beds contains fossils peculiar to itself, and bj 
these it may boTery readily distinguished. 

THS OXDIK OF BOCKS. 

The tena rock ia. applied to aH masses of mineral sob* 
stances, whether they be ^nites, clays, sanda, or other 
-con^unds. The word, in its common acceptation, means a 
mass of some hard mineral, but it is used by geologists in a 
more general sense, and signifies a component part of the 
earth's cmst, without reference to the quality of hardness or 
tenacity, and in this sense a bed of clay or of sand is a rock. 

From a partial examination of rocks, it might be supposed 
that diey are indiscriminately situated in relation to one an- 
otlMT. This is the common opinion, and is believed by all 
those who are quite ignorant of the science of geology. The 
interior- of that world which exhibits such won&rful order and 
skilful airaBgement on its surface, i»^ in their imagination, a 
iwry type of confusion. So natural is this supposition, that it 
k probi^le we might still indulge the error, had not the m* 
iMstigations of miners insensibly led them to trace the con- 
Bexion of one rock with another. It was early discovered by 
these praotieal geologists, that certain ores could onl^ be 
foottdin csEtain nwks, and that they were always associated 
with others of a particular character. In their search for 
ores, after this disoovery had been made, they endeavoured 
to assure themsehree of the presence of vome of these beds, 
before theyezpended either capital or labour in closer exam- 
ination. The more scientific obserfations which have been 
since made, have extended the facts Brst observed in partic- 
ular instances to the entire system ef mineral masses, and 
there is now no principle better substantiated than the regu- 
lar ariangement or order of rocks. 

Than statement may- appear somewhat inconsistent with 
th* remarks already made, and it is quite possible to sive it 
B too miniyte> aeceptataen. The earth is not composed of a 
seHMof bed* aManged one over another, like the coats of aa 
onioBK nor are th^.attaU so equably spread over each oiber 
fkaii %4p»lf aeeiiiiMi«|f to pMB tltfoBg^ 
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know the constitution of the whole globe. If the ear/ace be 
bored thiouffh in different places, the same namber of beds 
will not be found in any two, nor will they generally have the 
same character ; and if they should be at any distance from 
each other, that rock which is most abundant in one place 
may be absent in another, which could not be the case if the 
beds were regularly arranged one over another, extending 
round the whole globe. 

But still it is true, in a more general sense, that rocks hay* 
An undeviating order. There are two mineral substances 
well known to everybody, chalk and coal ; and chalk is d- 
ways above coal in the order of rocks. It would be foolirii 
to search for chalk at Newcastle, for in no instance has it 
been found beneath the coal-beds. So, again, Portland stone, 
used for building, could not be found in a country where coal 
is found on the surface. It is supposed by many persons that 
coal may be obtained upon Blackheath, in the vicinity of 
London ; but the geologist is quite certain that it cannot, for 
the beds in that district belong to a formation considerably 
above that with which coal is associated. It would therefore 
appear that, as a general principle, rocks are always found in 
a certain relative position, but it is not true in particulars. In 
all the most characteristic and important rocks the rule may 
be dqiended upon, in those of small extent and of a second- 
ary character it cannot. A geologist could not assert that a 
bed of clay or sand would be found beneath the surface at 
any place, but he could tell whether coal, building-Itone, or 
chalk might be expected. 

STBATIFICATION OF SOCKS. 

Rocks may be divided into two classes, stratified and im- 
atratified ; the greater number belonging to the former claaa. 




Stratified Beds. 



Strictly speaking, a sti^tom is a bed of rock having two par 
9M £km. If a bed be placed iaaflatoihoiiiontalpoaiaaa 
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the opper and under inrfacee should he panllel i% one ■» 
other ; if in a perpendicular direction, its vertical sorfacee 
should be parallel. But the terra does not admit of this 
great accuracy of definition, and those beds that have not 
flthctlTDarallel planes are considered to be stratiOed. 

It m% appear a very easy thing to determine whether a 
lock is stratified or sot; but there are many practical difficul- 
ties, and he who examines rocks for the first time is veiry 
liable to deception. 

It was once a subject of discussion among geologistsii 
whether granite is stratified. M. Gruber thought the etrati- 
fication so evident, that he doubted whether the man who 
was not of his own opinion coald see at all. Dr. Mitchdl 
eays he traced a stratified granite for sixty miles along the 
chain of the Risengebirge, and Professor James for one hun* 
dred and fifty miles. Yet Von Buch strained his eyes in 
vain to observe some appearance which should bring him to 
the same opinion, and, after a diligent search, gave up the por- 
•uit in despair. A celebrated Swedish naturalist says, he 
never saw an unstratified granite ; and an equally eminent 
English geologist never saw a granite stratum. It is, how- 
ever, now generally admitted, that granite is not a atratified 
rodt. But it is important to inquire into the circumstances 
which deceived so many eminent observers, that we may 
avoid the sources of error that misled them. . 

• CLKAVA6B OF ROCKS. 

It is well known to mineralogists, that there are eert«n 
crystallized minerals which may be more easily split in a 
particular direction than in others. Some minerals are cleav- 
able only in one direction, others may be cleaved in two, 
three^ or more, and the, latter may often be made to aasume 
regular geometrical forms. 

Kocks also have frequently a line of cleavage, called by 
workmen the grain of the bed. Those who wotk granite are 
accustomed to \ook for the direction of cleavage ; and although 
the indications can seldom be detected by a person unac- 
quainted with the practical working, the miner has no diffi- 
culty in fixing upon the direction in which the rock will most 
readily split. 

Now, It is this line of cleavage that is frequently mistaken 
Ant stratification — ^it was this that deceived geologiats as to 
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t!ie stratification of granite ; and when this rock is associated 
with really stratified rocks, and its cleaTsge is in the same di- 
rection as their strata, a circumstance hy no means uncom^ 
mon, it is almost impossible to convince one*s self that there 
can be any difference between the stratification of the one and 
the cleavage of the other. Generally speakmg» however, the 
lines of cleavage run into and join one another in such a way 
«s to distinguuh them from strata, de b,in the following 
diagram, represent stratified beds; a, a granite rock, having 
its One of cleavage in the same direction as their stnita. 




^^!f^^ 




It frequently happens that strata are intersected by lines of 
Ravage, so as to form an angle approaching more or less to 
« right angle, as in the accompanying diagram. In the claj 




Section of Clay Slate Rock, 
dates, this is not an uncommon appei^rance. We have 
particularly observed it in Devonshire ; and in an attempt to 
determine the true stratification, it is sometimes the cause of 
considerable difficulty and of error ; but by carefiil inspection 
the strata may generally be distinguished. 

It mnst often have been observed by all who have walked 
over an extensive district, that rocks succeed each other in 
some constant order ; and every one knows that the same 
rock does not appear at the surface in all placet. But, if 
locks were placed- horizontally, one upon another, the same 
i^k would always »ppear at the surface. Thus, London » 
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•itiiated upon a clay, called by jj^logistt London or bM 
clay, and if ve bore through this bed we find chalk, that 
rack being ahrvaya sitaated beneath the London clay. Chalk, 
therefore, could ne?er be fotmd at the surface, if rocks were 
tn^ansed like a pack of cards upon a table, without the re- 
moval of the upper bed. This, howoTer, is not the arraoffe- 
ment we obsenre upon examination, for at a very short m^ 
tance fiom London, Shooter's Hill for instance, chalk i» found 
to be the superior rock. 

It is seldom that strata occur in a perfectly flat nositioBy 
but they are generally inclined, more or less, so that ono 
from beneath the other, as shown in the diagram. 




Inclined strata, a be. 
In consequence of this arrangement, we may, by txaTeUmg^ 
over^ country, determine the character of the rocks of whieE 
it is formed, with even more accuracy than could be attained 
by piercing through the whole of the beds at the surface of 
the hiffhest rock. 

In this arrangement 'We cannot but obserre a p»roof of de* 
sign, for by the present disposition of beds, man is made ac- 
quainted with all those which are necessary for his comfort 
and the advance of the arts of life ; and he can obtain them 
with little er no elertion. If rocks had been placed in a flat 
position, it is not probable that we should ever have discov- 
ered eithet coal or the metals ; for as these are situated ao 
law in the series that it would be neceiMaiy to bore to the 
d^th of many thousand yards in order to obtain tiiem, it m 
doubtful whetfier any inducement to make the attempt would 
have been offered. But supposing[ that from any circum* 
etance their existence and properties had become known, 
their situation would effectually prevent their being obtained 
in sufficient quantities to supply our wants. It is scarcely tOi 
be imagined what would be the result if all the coals and 
metals were expended, much more to determine ^e condition 
im which mvk would now be if they had never been knows | 
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Imft io tU inrobabtUty society could not have been fonned, and 
civilization would have been unknown. 

Some of the difficulties which attend the investiffator in an< 
attempt to determine whether a rock be stratified naye been 
noticed, but his difficulties will not vanish when he has con- 
vinced himself of its stratification ; this it only the first step 
in the (>ractical investigation of a district, and it is not imprcA>- 
able that he will take the apparent for the real stratification. ' 
There are two aspects, the front and the side view, in which 
.a stratified bed may be examined* Take a number of boards, 
a foot long atid three or four inches wide,^and arranse them 
80 as to represent strata emerging from beneath each other. 
If these be viewed in the direction of their shorter length, an 
accurate notion of their stratification will not be obtained, fo' 
the real stratification is in the direction of their length. 

It will now be readily conceived thatr a beginner may easily 
be deceived by mistaking the apparent for the real inclination 
of the strata, and describe beds as perfectly flat which have a 
considerable dip. Suppose the beds to range north and 
south, it is possible that there may be no natural section in 
that direction by which the true inclination can be seen, and 
a section in any other direction will make the dip to i4>pear 
less than it is. 

The student must also be careful to examine the relative 
positions of the beds, for in this respect he may be easily led 
mto error. One bed must not be supposed to be above an- 
other, because it ia found at a greater he^ht, or forming a 
hill, while the other occupies the valley. The relative height 
of two beds is no criterion in determming their relative po- 
sition. 

In examining a district composed of stratified rocks, the 
student may experience some difi&culty Irom the intersection 
of valleys. Pasting from one place to another he may meet 
with the same rock two or three times, and be led to imagine 
that it occurs two or three times in the series. In this man- 
ner the beginner is often greatly perplexed, not remembering 
the relative heights of the places in which he finds the fre- 
quently occurring bed. 

This may be explained by the accompanying figure ; for a 
traveller, walking over the district it represents, would come* 
upon the tame rock five different times ; and as it is not to 
easy to tee the relation which one rock bears to anothar 
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hMmo wftHiiilg ortr the emataj Ia iHueh the roekt dl6MMff«0< 
occur, 18 in eaiting the eye open a eection, the beginiier 
woold wmj probably be deeeived by each a lesalt, and iina* 




gine ^t there must be a great want of analogy between it 
and geotogical ammgementa generally. The section, how- 
ever, shows that the exposed parts ah e i e have been pre- 
sented to view by the formaUon of two valleys : for if the 
line of inclination in one hill be canied on, it will be foand to 
join on witJii that in the others. This fact is received by 
geologists as an evidence that the valleys were formed after 
the deposition of the beds. 

But there are other difficulties of even a more serious char- 
acter than those to which allusion has been made. The strata 
which compose the crust of the earth are not in precisely 
the same condition as when they were formed, but have been 
disturbed by a variety ofpowerful agents diat have acted upon 
them in various ages. Sometimes rocks have been affected 
by violent volcanic agents, and at other thnes they have acted 
upon one another by pressure, or upon themselves by shrink- 
ing and subsidence. 

Instead of regularly emerging and slightly inclined beds of 
which we have been speaking, strata are sometimes found in 
a position not unlike the roof of a house, piled up' on their 
edges one against the other, forming a steep ridge of rocks. 




Saddle-shaped stratification. 
This form is called the saddle-shaped stratification. If w« 
tdtt a piece of some resisting substance, and fastening it at 
the ends, H>pljr a force in the centre sufficient to zaiae op the 
central paita, it wiUeither break or bend, and will remain in 
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Ihtt form wluch it aMuniM tm long u the fore« ramaiiui, or 
ao long as there is anj resistance mIow sufficient to preTent 
fl horn takincr its original form. A similar action in ail prob- 
ftbili^ caused strata to take this peculiar position. We maj 
imagine them to have been originally formed almost horiion- 
tal, and some force acting from beneath to have afterward 
iilted them up, piling them on their edges. 

This kind of stratification is sometimes presented in a stiU 
snore complex form. At Westbury, in Somersetshire, there 
i« an example of a saddle-shaped stratification which would 
hardly be recognised as sach. The upper portion of the 
etrata is in this instance removed, apparently by the action 
of water, and a valiey has been formed, in which a flat stratum 




Section of rocks near Westbury. 
of gravel has been deposited, a represents a valley covered 
with gravel ; ft, b, tilted rocks ; e, e, rocks resting on them in 
an nndistorbed position. But, before we pass on, we may bo 
|»ennitted to draw the attention of the reader to another cir- 
cumstance peculiarly marked in this section. There are five 
saccessive periods distinctly marked in the present condition 
•f the rocks aA Westbury. First of all^ the formation of the 
beds, which, if deposited by water, must have been nearly 
horizontal in the first instance ; then their elevation, so as to 
produce a saddle-shaped stratification; then the deposition 
of the rocks that rest upon the disturbed, strata ; then the 
action of water scooping out the valley ; and lastly, the for- 
mation of the bed of ^avel in the bottom of tiie valley;. 
When the series of active agents employed in producing the 
present appearance of rocks is considered, it becomes the 
geologist to make his deductions with caution, and never 
without careful examination. 

The fan-shaped stratification is the reverse of the saddle- 
shaped. The following figure is a section of the mountain' 
limestone, as it occurs at Dalebenv Camp, and is an exampltf" 
of this variet/ o/straiifieation. To produce this appeanUic* 
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there must have exiited a different condition from that which 
would produce a saddle-shaped stratification, which requires, 
as we have seen, a force acting upon the centre of a bed thai 




Bection of fan-iihapeil strata. 
has twd ends in a fixed position. A fan-ehaped stratificatien^ 
on the other hand, can only be produced by the action of two 
forces, one at each end of the bed, while the centre is partly 
retained in its position. Thus a piece of card, havuig a 
weight in the middle, may be raised by the hands at each end, 
and be made to assume this particular form. From this it 
would therefore appear, that to produce the stratification ob- 
served at Daleberry Gamp, the ends of the strata must have 
been upheaved, probably b^ some force similar to that which 
Itow produces volcanic action. 

The basin-shaped stratification is not nncommon in coal 
districts. Geologists are not agreed as to the cause of thia 
appearance, some attributing it to the elevation of the beds 
as described in explaining the formation of fan-shaped strati- 
fication, while others imagine it to have been produced by the 
sinking of the central parts. It is not impossible that bodk 




Basin-shaped stratification, 
these canses have assisted in producing this peculiar disposi- 
tion of strau. One thing, however, is certain, that there 
must have been a great degree of flexibility in the materials. 
The usk of determining the stratification of rocks in any 
district will not now perfaape appear so easy as might at first 
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bave been imagined. The art must be acquired by practice 
and the habit of close attention ; and though there are occa- 
sional appearances which perplex the inquirer, yet the com- 
monly occurring conditions of rocks are such as to give the 
practical geologist but little troul^e. It cannot be too strongly 
impressed upon the student how necessary it is to ezanune 
for himself, if he intend to make himself a master of sci- 
ence, or to be useful to those who are to follow him. In 
geology practical studies are peculiarly necessary, for it is 
quite impossible that any adequate or accurate notion of the 
real constitution of the earth can be obtained by reading. 
He who would be a geologist must by constant personal ex- 
ertion endeavour to form his opinions from the study of rocks 
in theu: natural situations. A life devoted to the perusal of 
geological papers will scarcely be sufficient to give an ade- 
quate knowledge of geology ; for although a strong inind 
might be able to detect many errors in the theories wmch are 
proposed by geologists to account for various appearances, 
yet from the habit of depend ance on the descriptions of oth- 
ers, even that mind would scarcely be in a state to propose 
any new explanation, or trace the origin of the error. 

■LSVATION OB nSPEBSSION OF STRATA. 

There is another circumstance in relation to the stratified* 
tion of rocks which is worthy of notice, as it may be a soeree 
of some difficulty to the beginner, and will frequently occur. 
Strata have been in some instances deranged by fracture. 




Section of a &ult at Tynemooth Castle CliiT. 
and a portion ef them has been depressed or eletate^. H 
comeqaence of this it sometimes hsppens that a geolofical 
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olMenrer, after having traced a particular bed for lOme time» 
auddenly losea sight of it, and comes upon some bed above or 
below it, according as the strata may have been elevated or 
depressed. The point where this elevation or depression has 
occurred is called a fault. The preceding figure represents a 
iault in Tynemouth Castle Cfiff, on the coast of Nortbumber* 
land, observed by Professor Sedgwick, and, thou|;h not of 
neat extent, affords an illustrative section. In this locality 
9ie strata have been fissured, and shifted from their natural 
situation. The coal-beds are peculiarly subject to this par- 
ticular disturbance, to the no small inconvenience of miners ; 
for it frequently happens that, after having worked a bed for a 
consideraUe Ume, n is suddenly lost, wad. many months or 
yean may be expended in the efert to regam it. 

CLASSIFICATION OF STIATIFIBD aOCKk. 

Having stated and explained the various appearances which 
stratified rocks present, and suggested the explanation of 
some difficulties that may be experienced by the beginner in 
the process of his inquiries, our next object must be to ex* 

flain the classification which has been adopted by geologists. 
Hans of classification can only be considered as arbitrary ar- 
rangements, formed for the purpose of facilitating the study 
of the sciences, and of combining isolated (acts. To form an 
advantageous classification requures a considerable knowledjge 
of facts, and on this account the systems adopted in the in* 
lancy of particular sciences have been found unsuited to their 
maturer growth. This has been exemplified in the progress 
of geology. It was at first doubted whether a system formed 
upon the mineralogical character of rocks, or upon their posi- 
tion in relation to one another, would be found most advan- 
tu[eous. This doubt was removed bj the increase of knowl- 
6&e, and the latter plan has been universally adopted. 

One of the first classifications of rocks was formed upon the 
discovery that some rocks contained animated and vegetable 
remains, while others were destitute of them. The rocks 
lowest in the series, that is, those at the greatest depth to 
which our researches have extended, do not contain fossils, 
and were therefore supposed to have been formed before the 
creation of things that had life, and were arranged under a 
class called primitive or primary; while those whioh pot- 
Mssed these relics of organization were denonuiifttad Mcond* 
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•17 rocki. But, w the ■cience advanced, an intermediate 
claaa appeared neceasarj to comprehend a seriea of beda 
formed of the fragments of primary rocks, and was adopted 
wider the name of the Transition or Fragmentary cMss. 
Another diTision, called the Tertiary, to comprise the upper 
beds of the Secondary, has since been added, so that, accord- 
ing to this system, the substances which form the crust of 
the ^lobe may be arranged in the four following classes, be- 
ginnmg with the lowest :~- 

1. The Primary, or Crystalline. ' 

2. The Transition, or Fragmentary. 
8. The Secondary, or Sedimentary. 

4. The Tertiaiy, or Upper Secondary. 

This classification was uniVersally adopted in this conntry, 
till the publication of ** Conybeare'a Geology of England 
nd Wales." In this work a new ctassificatum was adopt- 
ed, and the crust of the earth was divided into five portions, 
forming the following classes : — 

1. The superior, containing the tertiary depositee. 

2. The supermedial, contaming the upper portion of the 
secondary class. 

3. The medial, containing the coal series and the lower 
portion of the secondary rocks. 

4. The sobmedial, comprising the transition rocks. 
6. The inferior, containing the primitives. 

The most convenient and useful classification that has 
been introduced, we think, is that proposed some time since 
by M. De la Beche, in the Annals of Philosophy,, ^nd re- 
centty adopted with great success in his Manual of Geology. 
But there are many objections to the introduction of new 
classifications ; .and geologists do not always adopt those 
suggestions which they may consider improvements. By 
nstng an established classification, the learned of different 
nations are able to understand each other's writings; bat 
when new arrangemeMs are adopted, a considerable time 
must elapse before a foreigner is made acquainted with the 
change ; and even then, prejudice would, in many instances, 
prevent^its adoption. Such alterations can only be effectu- 
ally introduced by societies, or the combination of writers; 
for, generally speaking, an old nomenclature, with all its 
impeHections, will be preferred to a modem improvement. 
But the system proposed by M. Pto U Beche ia, m our esti» 



840 INTBRIOE OF THl BAHTR. 

■utioD) to T€Tf supeiior to all othen, that we aro wininff t9 
kope it may be an exceptioB to the general rule, ana be 
adopted not long hence by geologists. 

All rocks may be divided into two general classes, strati- 
fied and unstratided ;■ and this forms i|ie first division of thie 
system.' The next general truth is, that the lower stratified 
beds do not contain fossils, whereas the others do ; hencOf 
we have' a subdivisiob of the stratified rocks into fossiliferous 
and non-fossiliferous. It then only remains to arrange the 
strata in groups and formations, and we at once obtain an 
eavy and an intelligible system. 

It would be impossible to describe, in these {>ages, the 
peculiarities and relations of the beds that togetbsr con- 
stitute the crust of the earth. We shall therefore proceed 
to an investigation of the unstratified rocks, and then make a 
lew remarks upon the coal hieasu^res in illustration of the 
statements advanced. 

UNSTRATIFIKD BOCKS. 

The unstratified rocks are extensively distributed over the 
globe, but cannot be said to occupy any constant position in 
the series, for they are occasionally associated with nearly 
all the several sroups. It is now generally supposed hy 
geologists that they derived their present appearance, and 
were placed in their present positions, by the agency of fire ; 
and, upon this supposition, it is easy to explain the origin of 
the variety of appearances they present, and of the circum^ 
ftances under which they occur. Sometimes we find them 
as masses overlying other rocks, and presenting an appear- 
ance similar to that of the lavas which are ejected m the 
present day by volcanoes ; while at other times they occur 
as vein-stones, filling fissures which, in all probability, were 
formed by the pressure of the vapours which arose from the 
boiling mass. 

The unstratified rocks, as might be expected from their 
origin, greatly differ among themselves in mineralogical 
character. Even the same m^s of rock will have a variety 
of ap]>earances in .different parts. Deriving their present 
eonditipn from the agency of fire, many compounds, what^ 
ever ma]r be the comber of minerals t'nat enter mto theii 
opmposition, must be formed, some containing more and 
bthm le^ 9M atttit i<e of partieulw subslucea, vaiying witk 
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the intensitj of the heat that produced the rock. Some fji 
the minerals that enter into the composition of the nnstrati'* 
fied rocks being more easily fused than others, we may 
imagine that, under some circumstances, one difficult of 
fusion has not been reduced to a liquid state^ while others^ 
less resisting the action of fire, may have been ejected. To 
the shades of mineralogical distinction produced by this and 
similar adventitious causes, some writers have attached 
great importance, and have given names to the several 
Varieties of rock ; but it may be doubted whether science 
\»A derived much advantage from this particularity, and it is 
possible that the time expended in describing and naming 
them would, in the present state of our knowledge, have 
been better employed in determining their general characters 
and probable physical constitution. 

The importance of the unstratified rocks, in relation to 
the extent of space they occupy on the surface of the fflobei 
is much inferior to that of the other class. In England the^ 
do not cover one thousandth part of the surface, and the 
same observation might be made in reference to many other 
countries. Generally speaking, they occupy the highest 
points of the district in which they occur, and some of 
the loftiest peaks and ridges on the surface of the globe are 
composed of them. It must not, however, be understood 
that they always occur in soch positions ; for although thi^ 
compose some of the points of toe giffantie mountain chains 
of South America as well as of the Alps, yet they sometimes 
are found on the seashore, as in many of the Western Isles* 

Another fact worthy of notice in relation to the unstrati- 
fied rocks« is their great want of continuity. Stratified beds 
frequently extend over considerable districts, and may be 
traced at the surface for many miles. The unstratified 
rocks, on the other hand, rarely occupy any considerable ex- 
tent of surface, but protrude tbemselves amonff the stratified 
at considerable distances from each other, and in compara- 
tively small quantities. ^*In Scotland, it is not unusual^" 
Dr. Macculloch states, *' to find a portion of some one of 
these rocks, of a few yards in diameter, separated for manj 
miles from any other mass oi the same rock, though it le 
possible they may be united beneath the surface. '* 

A few observations may be made on the two classes of 
onftratified rocks, the granitic and the trappean. 
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OBANITIC B0CK8. 

Hie term granite is derived from the word geranUeSf and 
Toumefort, Uie celebrated naturalist, was the first modem 
author who employed it ; but, at the time in which he wrote, 
it had a much wider signification than it has now, and was 
used to designate a granular stone. 

The minerals which commonly 6nter into the composition 
of granite are quartz, feldspar, mica, and hornblende, and the 
combination of any two or more of these constitutes a gran- 
ite. It must therefore be evident that granite differs greatly 
in its composition. Feldspar is generally the most abundant ; 
but this mineral, as well as others, varies in its proportions, 
and is sometimes absent. A granite of Mount Blanc is com- 
posed of feldspar, quartz, and cnlorite ; one in Aberdeenshire 
consists of feldspar and hornblende ; and another in Perth- 
shire, of quartz, feldspar, and actinolite. Mr. Poulett Scrope, 
in his splendid work on Central France, speaks of a granite, 
constituting a very extensive tract in the department of 
Haute Loire and Ard^che, which contains so much pinite, 
that it is estimated to form a third part of the rock. It must 
then be evident that the composition of this rock is various, 
and its colour will depend upon that of the preponderating 
mineral. Granite was formerly supposed to be the primaiy 
rock, that upon which all others were formed. This opinion 
is now found to be erroneous ; for although it frequently has 
its place beneath all the stratified rocks, yet it not uncom- 
monly takes a higher position. Werner arranges the granites 
in three classes. First, the primitive,, or that which is the 
basis of all other rocks ; secondly, that which traverses 
other rocks in veins, as may be seen in lona, Barra, Tirey, 
and others of the Western Isles ; and thirdly, that which 
superposes other rocks, as at St. Grothard, where it rests on ' 
mica sla^, and at Kielwig, in Norway, where it lies above 
clay slate. 

Granite is not abundant in England, but in Scotland and 
Ireland it occupies a considerable extent of country. The 
granitic region of the eastern mountain chain of Ireland 
commences on the south side of Dublin Bay, and stretches 
' continuously to Blackstairs and Brandon. Those countries 
whicli consist of granite are generally mountainous and rug- 
g6d, and abound m sublime sceneiy. irlendalough, in In* 
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lind, is a fine example ; the lake, the precipitous sides of 
the jagged mountains, and the waterfall, will not fail to ex- 
cite a state of mind often to be recalled with enthusiasm. ' 

Mr. Bakewell has described a yeiy remarkable appearance 
presented by a granitic spire in the valley of Chamouny, 
which will give an idea of the moantainous country that 
usually attends the appearance of this rock. " The most 
striking object in the valley of Chamouny,** says Mr. Bake- 
well, ** next to the ^aciers, is the Aiguille de Dm, a taper 
roire of granite, which shoots up to the height of eleven 
thousand feet above the level of the sea, and is apparently 
detached from all the surrounding mountains. The upper 
part, or spire, rises nearly to a point, in one solid snaft, 
more than four thousand feet ; it is utterly inaccessible ; its 
sides are rounded, and are said to have a polish or gla^ 
zing like that which is sometimes seen on granite rocka ex- 
posed to the action of the sea. By what means it has been 
shaped into its present form, is difficult to conceive. When 
approaching the Glacier de Bois, it is impossible to view 
without astonishment this isolated pinnacle of granite, shoot- 
ingup into the sky to such an amazing height." 

Out although granite is found in some of the highest chains 
of mountains, as the Himalaya and the Alps, yet it sometimes 
occupies comparatively level countries. A skilful geologist 
may generally detect the presence of this rock by the singu- 
Atr but almost indescribable diversity of outline it gives to a 
district. At one time we find it constitutmg a ridge of 
mountains, or a single peak, and in others it barely makes its 
appearance at the surface, as though the force which ejected 
it bad been just counterbalanced by the resisting force of the 
rocks with which it was covered. 

TRlP-moCKS. 

A number of rocks having a resemblance to one another in 
mineralogical characters, have been classed together under 
the general term Irap^ from the Swedish word trappa, a stair, 
because of the stair-like appearance they often present. The 
individual kinds of this class of rocks greatly differ in appear- 
ance the one from the other, and are designated by different 
names: thus we have basalt, greenstone, clinkstone, and 
others. They are supposed to have been formed, like granite, 
by the agency of fire, and are not only found intermixed with 
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the stratified rocks, but have also filled up the fissures which 
have been made in them, and produced veins. 

One of the most singular circumstances in connexion with 
the trap rocks is the columnar structure they sometimes as- 
sume. The. Giant's Causeway and FingaPs Cave are two 
justly celebrated examples. 

The Giant's Causeway is situated on the northern coast 
of Antrim, in Ireland. It commences, in one direction, at 
the base of a clifi* rising to the height of six hundred feet 
above the level of the Atlantic. The causeway consists of 
an immense number of columns, which project into the sea 
to a considerable distance below low-water mark. Its length 
at low water has been computed at about six hundred feet, 
and its greate9t width at about two hundred and forty feet : 
the height of the columns varies. The majority are not more 
than twenty feet high, while others have been found to 
measure sLx-and-thirty. But besides the mass of columns 
which constitutes what is called the Giant's Causeway, there 
is a great number of the same kind spread over the country 
to a considerable distance ; the causeway is in fact only a 
portion of a great area consisting of basaltic lock. 




Fingal's Cave, 



Fingal's Cave, in the IsUnd of Staffa, one of the Hebrides, 
ii formed q( the same rock as the Giant's Causeway. Thft 
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entrance to this most splendid cavern is about fifty feet broad, 
and one hundred high. The entire length of the cave is two 
hundred and fifty feet. On each side there is a series of 
beautifully-formed and regular columns, and the broken pillars 
of the roof present the appearance of the enrichments of 
Gothic architecture. " But if this cave/* says Dr. Maccul- 
loch, " were even destitute of that order, symmetry, and rich- 
ness, arising from the multiplicity of parts, combined with 



the echo of the measured surge as it rises and falls, the 
transparent green of the water, and the profound and fairy 
solitude of the whole scene, could not fail strongly to impress 
a mind gifted with any sense of beauty in art or in nature. 
If to those be added that peculiar sentiment with which per- 
haps nature most impresses us when she allows us to draw 
comparisons between her works and those of art, we shall be 
compelled to own it is not without cause that celebrity has 
been conferred on the cave of Fingal." 

Many other of the Western Isles exhibit beautiful exam- 
ples of the trap-rocks, among which we may especially notice 
the picturesque Island of £gj^. The Scuir, which is the 
most remarkable appearance, is an immense columnar mass 
of trap, of that vanety called pitchstone porphyry, and is up- 
wards of thirteen hundred feet above the level of the sea. 
<* Viewed in one direction, the Scuir presents a lon^ irregular 
wall, crowning the summit of the highest hill, wmle on the 
other it resembles a huge tower. The clouds may be often 
seen hovering on its summit, and adding ideal dimensions to 
the lofty face ; or, when it is viewed on the extremity, convey- 
ing the impression of a tower, the height of which is such as 
to he in the region of the clouds. Occasionally they sweep 
along the base, leaving its huge and black mass involved in 
additional gloom, and resembling the castle of some Arabian 
enchanter, built on the clouds and suspended in the air.*' 

We have noticed these few instances of columnar structure 
sometimes assumed by the trap-rocks, but it must not be 
considered as a universal appearance. They are not unfre- 
quently found to overlie the stratified rocks, and in this state 
tney possess all the distinguishing characters of recent vol- 
canic products. It is not unusou for them to form groupa^ 
X2 
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»r ridges of moontains, hAviiig coosiderable elerations and 
founded fonns; and at other times, the districts in which 
they occur present low and gentle undulations. Tliis tame- 
ness of outline may, perhaps, in some measure, he attributed 
to their igneous character, and the circumstances under 
which they were fbrmed ; but in a still greater degree to the 
npid disintegration which the rocks have suffered in conse- 
quence of the yielding nature of their material. There is» 
however, another form under which the unstratified rock^are 
presented to our notice, and that is as veins. 

ORANITI AND TKAP VIXNS. 

It has been already stated that the unstratified rocks an 
Irequently found to traverse other rocks in the form of veins. 
From the af^arance which is thus presented, we cather an 
evidence that they have been in a state of igneous fision, for 
it is only by this supposition that we can account for the 
existence of veins, if we imagine granite or trap liquefied 
by heat to lie beneath any stratified rock, it is evident that it 
may be forced into anjr fissure that may be made, and form a 
vein, when it has solidified by cooling. So, if a liquefied 
rock flows over another rock, it will enter into all the open* 
ings in its surface. 

Some years since, when the Wemerian theory was in 
vogue, thit existence of granite veins was doubted by many 
geologists, but we have now abundant examples. In the 
neighbourhood of the Land's End in Cornwall, in the Alps, 
imd in many parts of Scotland, particularly in Glen Tilt, they 
have been traced by many observers. 

These veins have been formed at different dates in the his- 
tory of the material world. This fact is learned, not onlv 
from the character and age of the rocks which are traverseo^ 
but also from the circumstance that, in some instances, veins 
are traversed by other veins, that is to say, one granite vein 
is divided bv another, and the appearance that is presented at 
the point where they join will enable the observer to judge of 
their relative ages. 

Trappean rocks have also been injected among the stratified 
Ijeds. There is, perhaps, no better locality for the examina- 
tion of these rocks than the coast and islands of Scotland, 80 
wen described by Dr. MaccullocL It ia not ajwavs possible 
10 trM the TeiiM of tnistntified locks to the nsM am ^pv)^ 
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they proceeded, but this may be done in the majority of cases, 
thoQffh in others, as may be readily imagined, the mass is too 
deeply seated beneath the surface of the earth. 

The size of these veins is exceedingly various both ik 
length and breadth. They have been seen to decrease in 
breadth from many yards to a few inches, while they differ in 
length between miles and feet ; but it may be taken as a 
general role that trap veins are much more extensive than 
the ffranitic, and it may blso be mentioned that they are 
nsnaliy more vertical. 

Veins also differ in another particular. Some are, as it 
were, immensely thick walls, and divide the strata without 
turning either to one side or the other. But there are oth- 




Section of Trap Veins. 

ers that diver^ from side to side, and are characterized by 
extensive ranufications ; this is genenily the feature of gra- 
nitic veins, and of the trap occasionally. 

XBTALLIC VEINS. 

Other substances besides the unstratified rocks occur in 
▼ems, and particularly the metals, ^ugh they do not always 
appear in this form. Sometimes th^y are disseminated 
through the mass, as tin is in granite ; sometimes they are 
found in bunches, as in the copper mmes of Ecton, in Staf- 
fordshire ; at other times they occur in beds, as in Thurmffia ; 
but in England they are commonly found in veins, called 
lodes by the miners. It must not, however, be supposed 
that these veins are entvely filled with metal, for, g^rally 
speaking, the ore occupies only a portion of the vein, and 
the other part is either entirely empty, or filled with broken 
earthy substances, called deads. 

Veins differ considerably in thickness. Humboldt obsefVed 
ft vein pf fpar ih tb6 A^ of >Swil^fauad» which w«s on* 
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hundrad and forty feet thick. MetaUifeitrae veiiis are getMi 
ally mach narrower, but the miDes of Pasco, in Peru, are 
situated in a vein of brown iron-stone, containing sflver, 
which is thirteen hundred yards wide. Some of the tin veins 
of Cornwall are not more than three inches thick, while oth- 
ers are thirty feet. The general thickness of the copper and 
tin. veins in this country is from a foot to three feet, and it 
has been observed that the ore of these is much less inter- 
mixed with foreign ingredients than that of wider veins. 

When a vein that has been productive in one rock enters 
. another, it very rarely continues to be equally rich ; and it is 
a remarkable fact, that veins are found to be rich or poor, ac- 
cording to the nature of the rock in which they happen to lie. 
When they pass through sandstone or slate into limestone, 
they enlarge and grow rich, and it is well known that all the 
lead mines of Northumberland and Durham are situated in 
this rock. In these counties, the deeper the lead veins are 
followed, the poorer they become, while in the copper mines 
of Cornwall they become richer ; and it is said they are never 
known to come to an end, although several of them have 
been traced to a depth of one thousand feet from the surface, 
and a few for fifteen hundred feet. 

There is only one ore of tin, called the native oxyde, and 
it is sometimes, though rarely, found, with the copper ores, 
bat it is not at all uncommon for them to follow each other. 
Tin will perhaps be traced for eighty or one hundred feet, and 
then a course of oopper ; but when a rich copper is found at 
the commencement of the vein, tin has never been known to 
succeed it. 

The most recent veins, which nm north and south, are 
called cross veins, and pass through those which lie east and 
west. This circumstance leads us to the deduction that the 
eaat and west are older than the north and south, which are 
usually filled with clayey substances, and contain but little 
ore : the metalliferous veins are those that run east and west. 
A cross vein frequently disturbs the direction of a vein that 
lies east and west so much, that it is lost sight of by the mi- 
nors, and months or years may be spent in the effort to find 
it again. Not lonff ago a vem was recovered four hundred 
and fifty feet from the cross vein that altered its course. 

The origin of metallic veins is not l^ any means so clear 
«i that of ue granitic. It is quite possible that many of theni 
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may have been formed by injection from below, in the same 
manner as the veins of unstratified rock. But this supposi- 
tion will not account for the alteration in the character and 
Jiickness of veins, which has been observed when they leave 
one rock and enter another. The general tendency of the 
veins to take a north and south, or east and west direction, is 
another fact unexplained by this theory. It has been suppo- 
sed that electricity has been an active agent in their forma- 
tion, and the interesting experiments made by Mr. Fox give 
some probability to the opinion. ' Farther experiment, how- 
ever, IS neqessary, before any theory can be established. 

COAL MBASUBSS. 

Having explained the general characters and sppeanmeee 
of the two great classes of rocks, the stratified and the on- 
stratified, we shall now proceed to illustrate their combina- 
tion by the description or a series of beds. For this purpose 
we have chosen that collection called the coal measures, nol 
only because they furnish us with that most useful and im 
portant mineral, coal, but also because they are perhaps more 
adapted to our purpose thto any other series of rocks. 

The coal measures consist of various beds of sandstone, 
shale, or slate clay, and coal, irregularly interstratified. The 
coal does not occur as a single bM of considerable thickness, 
but a series of beds are met with, in some instances as many 
as thirty t>r f<Mrtv, alternating with the sandstone abd diale. 
The nature of the coal measures will be better understood 
by the following table of the beds which have been passed 
through at the coal-works of Rowley, in South StA&rdshirei 
than by any description that could be given. 

Feet iQb 
OfCoaU Ubeds, Total thiclLness 81 7 

Limestone, ... 1 30 

Slate Clay (Shale), .30 715 S 

Gravel, ... 1 60 

Bituminous Shald, . H t 

Sandstone, . . .13 8IS 10 

Shale (emitting fiie-damp), 1 3 

Clay, ....2 00 

Ditto (coaly), . . 2 . . . . . 1 i 

Ditto (red), ... 1 56 

Soil 1 10 

040 9 
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The alate clay, or shale, called by the roinen shiTers and 
black metal, frequently forma nearly three fourths of the mass 
coDstitating the coal measures. The sandstone of this series 
is used, when hard, for grindstones, while the softer varieties 
are employed for filtering. Another bed frequently associated 
with the coal measures is clay iron-stone, so called because 
of the lanre quantity of iron that is obtained from it. Next 
to the cou, it is the most important bed of the coal meas- 
ures. At the Merthyr Tjdvil works, in Wales, there are six- 
teen strata of iron-stone mtermixed with numerous strata of 
coal. In the years 1805 and 1806, 26,253 tons of iron were 
obtained from the iron-stone at this place, and nearly three 
times as much is produced at the present time. 

The coal measures abound in vegetable remains, and the 
coal itself is now very generally considered to have had a, 
vegetable origin. The great abundance of vegetable remains 
in the alternating beds of this formation, is a strong reason in 
favour of the vegetable origin of coal ; and the state in which 
they are found, 3ie woody parts being usually converted into 
coal, or a substance having nearly the same chymical compo- 
sition, strengthens the argument considerably. 

Another reason for this opinion may be gathered from the 
consecutive train of varying substances, frdm vegetation to 
perfect coal. It is well known, that in many parts of Eng- 
land accumubtions of wood and plants are found, which, al- 
though now mingled with the mineral depositee, at no very 
distant period were growing on the spot wnere they are now 
buried. These vegetable- depositee are found in different 
states ; sometimes the wood is so perfect that the characte* 
and species of the tree may be readily determined, while at 
other times it is much decayed, and has suffered so great a 
chymical change from humidity and pressure, that its vegeta- 
ble origin can scarcely be recognised. That substance called 
peat, and used as fuel by the lower classes in many parts of 
. this and other couiitries, is a vegetable remain of the latter 
kind. 

At other times we find vegetables changed into that well- 
known substance, jet, of which boxes and other trinkets are 
frequently formed. Of the vegetable origin of jet there can- 
not be the slightest doubt, for instances have occurred in 
which one half of the trunk of a tree has retained its natu- 
ral chaiacter, while the other half has been converted into 
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pfure jet. The characters of this substance and an imperfect 
coal called cannel-coal are the same, and their external a|h 
pearances have frequently a close analogy. 

From these remarks it will be seen that we may trace a 
succession of changes from vegetation to coal, which, inde- 
pendent of all argument, is a sufficient proof of the origin of 
the coal-beds. But there is no point of resemblance between 
the vegetables of the coal measures and of the submarine for- 
ests, which have been formed in comparatively recent times, 
or are now being formed. They are in both instances min- 
gled with mineral depositee, but the plants belonging to the 
recent deposites have no points of distinction from those 
which are now growing on the surface. The oak, beech, 
elm, alder, and hazel, have all been found in the submarine 
forests, and with them the hazel-nut, as well as common 
household utensils and partly obliterated coins, all which are 
evidences of a recent formation. Bat the vegetables found 
in the beds associated with the coal have no feature in com- 
mon with those now found in England. 

The remains of plants in the coal measures are, according 
to the opinion of th& most celebrated botanists, such as could 
only have existed in at least tropical regions. Now if these 
plants grew in a country that had a temperature at least as 
warm as the tropics, one of two things must have happened : 
either they were drifted by water from some very distant 
place, or, if they grew on or near the place where their re- 
mains are found, the temperature of the earth must have 
changed since the formation of the coal measures. 

The state of the vegetable remains forbids, according to 
the opinion of some geologists, the supposition that they 
were brought from any distance to their present situations by 
•water, l^ey are generally found lying flat, with theur stems 
and leaves parallel to the direction of the strata, but this is 
not universally the case. Mr. Witham states that he has 
fonnd them in a vertical position, and especially notices the 
occurrence of a number of fossil vegetables beneath the 
high main coal at Newcastle, which had their roots fixed in a 
seam of coal, and presented an appearance as if they had 
been imbedded in the spot on wluch they were growing, 
and the same fact has been observed at St. Etienne by 
M. Brogniart. These facts are considered to oppose the 
fdppositioD tbab the ▼egetable remaixiB were drifted from 
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'any considerable dittt|ice to the tpoU when khej are Low 
imbedded. 
In addition to this aigument againit the traneport of the 

K* nta of the coal measures, it is stated that they must tiU. 
ve been much more injured than they are if they had been 
thus brought to their present situations. A plant of delicate 
teiture cannot be long in the water, unless at a depth be« 
Death the surface, witlmt sufiering at least a mechanical de« 
composition, and having its characters destroyed. But the 
vegetables found in the coal measures have not suffered in 
this way ; their leaves are beautifully preserved, and their 
markings are exceedingly distinct. 

These considerations induce some persons' to believe that 
the vegetable remains of the coal measures could not hai^e 
been transported from a distance, and consequently that they 
grew on or near the places where they are found, and that 
the surface tempersture of the earth has been, changed. 

The question that now presents itself is, what causes have 
decreased the surface temperature of the earth in such places * 
It is supposed by many ^ologists that the interior of the 
earth has, at a former penod, had a much more intense beat 
than it now has, and that its decrease has occasioned the 
alteration. This opinion, maintained by Baron Humboldt 
and many other emment eeologisu, would evidently be suffi- 
cient to account for the change that has happened since the 
supposed period when the tropical plants of the coal measures 
grew on our soil. 

Mr. Lyell accounts for the change of temperature upon an- 
other principle. He considers the temperature of a plsce to 
depend upon the relative proportions of high land and sea 
near the poles. The higher the polar land, the greater will 
be the cold ; the more the land at or near the equator, and 
the greater the quantity of sea at the poles, the higher will be 
the temperature, and the more equably wm it be dmused. In 
proof of this be states that arborescent ferns are found in 
Van Diemen's Land, in 42^ south latitude, which is a much 
hiffher latitude than they reach in the northern hemisphere, 
where the climate is not so equable. This is attributable, he 
thinks, to the circumstance that there is more and higher land 
towards the north than towards the south pole. Mr. Ly ell's 
theory will therefore resolve itself into the following state- 
iDfiil:--that the lupeificies of the earth haa beea udia itfll 
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ditnging,bjr the agency of riyera, conents, earthquakes, vol- 
canoes, and other caaseB; and that the variation between 
the proportions and situations of land and water is sufficient 
to account for any higher temperature of the earth at some 
former period than it has now. 

But whatever theory may be adopted to account for the 
higher temperature of our earth at the time of the deposition 
of the coal measures, there can be no doubt that the plants 
tfrew in a warm climate, whether in our northern latitudes or 
in spots where they are still found. To supply the beds of 
coal which we 6nd in our own country seems to have re- 
quired the luxuriant vegetation of an equatorial climate, and 
we can scarcely imagine them to have resulted from the 
scanty resources of such forests as might exist in the present 
temperature of England. But if the reader can imagme the 
state of the vast forests of Brazil, almost too thickly intwined 
to admit of human research, or the luxuriant and extended 
woods on the banks of the Missouri, and if he can form an 
estimate of the immense quantity of vegetable matter which 
is there produced all the year round, and year afler year, for 
ages, he may approach in fancy the physical condition of that 
country in which the vegetables of the coal measures grew ; 
for such was the climate that nurtured, and such were the 
forests that produced, the plants which were designed by the 
Creator to become the source of comfort to his unborn crea- 
tures. And we cannot avoid remarking, that here we see a 
most interestiiiff display of the kindness which designed, and 
the superintendence that fulfilled, the intention to make the 
world a suitable residence for man. 

So closely are the unsferatified rocks associated with the 
beds of the coal measures, that th^y have been considered al- 
most an essential part of the formation. Although we can 
only consider them as occasional or frequent intruders, yet it 
cannot be denied that the coal measures have been greatly 
disturbed by their interference, and that their present condi- 
tion is mainly owinff to them. Immense walls or dikes of 
trap often intersect the coal measures, having been thrust up- 
ward in many instances a considerable time after the deposi- 
tion of the stratified rocks. . The Cleveland Dike is an in- 
stance m point, for it pierces through four formations that 
were deposited after the coal measures. These dikes, 
wnich are fissures filled with unstratified rocks, have acted 

y 
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M mechanical agenta in contorting the atnta, aometimea to* 
conaiderable extent. The dike wnich extends from Whitbjy 
in Northumberland, to Greenside, in Durham, haa thrown 
down the atrata on .the north aide about five hundred apd forty 
feet ; but thia effect » rather to be attributed to the fiasore 
made in the beda than to the ejection of liquefied rocka, for 
the opening ia filled with clay, and the effect produced ia 
called by geologiata a fault. The dike at Bartreeford throws 
down the atrata four hundred and eighty feet on ita west aide ; 
but a branch of the Coaly Hill Dike traveraea the beds of tho 
Walker Colliery on the Tyne without causing any alteration 
in their level, though it ia thirty-fiTO feet thick, and quite ver- 
tical. There ia a very conaiderable fault near Bilaton, in the 
South Staffordshire Dudley coal-field, and it haa the effect of 
rereraing the dip of the beds ; on the aouth side of the fault 
they dip to the sooth, while on the north side they dip to the 
north, presenting an appearance not unlike that of a side sec- 
tion of a roof. 

If any farther evidence were neceasary to prove that the 
trap dikes were formed by the agency of heat, and at a pe- 
riod after the deposition of the coal measures, that evidence 
might be gathered from the effect which has, in many instan- 
cea, been produced upon the coal-beda. The Coaly Hill 
Dike, which has been traced from the sea to the western aide 
of Northumberland, haa charred the beds of coal with which 
it ia in contact. The Cockfield Dike, which underlies the 
coal meaaurea of Durham, haa reduced the coal in ita vicinity 
to a cinder, and has sublimed the sulphur from the iron-stone. 
It once happened that the coUienea of Durham caught fire, 
and continued to bum for many years. The heat which was 
thrown out was so great, that the vegetation on the land above 
the burning coal was accelerated, the temperature of the 
water was raised, and the clay that covered them was con- 
verted into a speciea of porcelain jasper. 

From .theae statementa it will be evident that coal ia of 
vegetable origin, and that the unstratified rocka have been 
ejected among them in a heated liquefied atate. It may not 
DOW be uninteresting to inquire by what meana vegetables 
may be made to become coal. A very celebrated and highly- 
eateemed geologist once objected to the arguments that are 
oaoally employed to prove the vegetable origin of coal. One 
of the atronff argumenta in favour of thia opinion ia founded 
.on the abundance of vegetables enclosed in the coal meas- 
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vres ; bat» says the opponent of the theory, by a parity of 
reasoning, we ought to ascribe the origin of those beds 
where larse quantities of shells ara found, to the destruction 
of shellfish. Could no other argument be used in favour of 
the vegetable orisin of coal, we must give up the opinion al<- 
together ; but other reasons have been used for the support 
of the theory, and the combination of these is, we thmk, 
conclusive. The strongest individual argument is the abso- 
lute formation of coal from plants. It has been ahready proved 
that jet has a vegetable oriffin, and it might, therefore, be sup- 
posed that it is capable of conversion mto coal. To deter- 
mine the problem experimentally, Br. Macculloch reduced a 
quantity of jet to powder, and placed it in a gun-barrel, cov- 
ering it with clay. By exposing it to a moderately red heat, 
the jet was converted into a substance having precisely the 
same chymical and external characters as coal, while the clay 
was changed' into a substance similar to that found in the 
coal measures, and called cod shale. An appearance has 
been observed at Meisner, in Hesse, which has a strong re- 
semblance to the result of the experiment we have jnst de- 
scribed. A thick bed of imperfect coal is there covered by 
an enormous mass of basalt, from which it is separated by a 
thin bed of clay. The upper part of the bed of lignite is con- 
verted into coal, while the lower part still retains the fibrous 
woody structure. 

Gathering together the variety of evidence that has been 
alluded to, we seem to be led to the conclusion that vegeta- 
ble substances may be converted into coal by the united ac- 
tion of moisture, pressure, heat, and exclusion of air. The 
heat has, in many mstances, resulted from the actual ejection 
of volcanic rocks among the beds ; and where this lias not 
occurred, the heat has ^eu sufficiently Intense, firom the pe- 
culiar activity of volcanic causes at the time, to produce tha 
chto^. ' 

This brief account of the evidence which has been collect- 
ed in reference to the oriffin of coal, may serve as an exam- 
ple of the manner in which the geologist pursues his inquiries 
mto* the origin of rocks, and to prove that his opinions n% 
not mere speculative conjectures. 

OSOANIO EBMAINS. 

It has been already stated that many stratified rocks eon* 
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Uin the remains of organizeH bodies, some of which are of th9 
most remarkable character, and lead us to very importaat 
deductions. The wonder of thinking men has long been ex- 
eited by the discovery of these in the solid strata of the j^lobe, 
and that at great depths below the surface. There is evi- 
dence that they were objects of attention among the learned 
long before the<8cience of geology had a name ; and some of 
the speculations which have reached us are little to be pre- 
ferred to the notions of the most ignorant peasants of our 
own day. Bu^ since men have been engaged in geological 
investigations, the study of fossils has risen to great impor- 
tance, and has conferred many advantages upon geology 
Uself. 

By the character of the organic remains found in a bed, 
the relative position and affe of a dejMsite may^ as we have 
iJready shown, be frequency determmed, for every series of 
beds contains some which are peculiar to itself. It is not 
always possible to assign to a deposite its proper position in 
the geological series, by its mineraloffical characters ; but if a 
collection of its fossils can be formed, the difficulty vanishes, 
and iu relative age may be determined. Every series of 
beds, therefore, possessing fossils peculiar to itself, contains 
an index to its own mysterious history ; for not only can its 
position in the series be read, but also the circumstances 
under which it was formed. 

The fact that every series of rocks contains fossils peculiar 
to itself, was first discovered by Lister, more than one hun- 
dred and fifty years ago, but the honour of demonstrating it 
bjr extensive observation is doe to Mr. William Smith ; and 
thus he has placed the naturalist, as well as the geologist, in 
a new position, — ^inducing him to extend his observations 
into the bowels of the earth, where the remains of a race of 
beings before entirely unknown have been discovered. 

The fossilized bones of animals are among the most smga- 
lar organic remains. Baron Cuvier, the celebrated French 
geolQgist, was the first who commenced the study of these 
fossils. As an antiquary of a new order, to use his own 
words, he was obliged at once to learn the art of restoring 
these monuments of past revolutions to their oriffinal forms, 
and to discover then- nature and relations. Heliad to col* 
lect, in their original order, the fira|^nts of which they con- 
sisted! to ft prodace the tncient bSngs to which they Mionf- 
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#d, with all Iheir proportions and characters, as well as to 
.eompwe them with those which now live on the surface of 
the globe. In effecting these objects he was assisted hj 
naturalists and geologists in various countries, and the char- 
acters of many singuUr animals have been determined. 



None of the results of modem geology have attracted so 
much of public attention as the discovery of the remains of 
many gigantic reptiles. There has been a time in the histo- 
ry of our world when these animals attained an appalling 
magnitude, and, rioting in the wide expanse of water, sway- 
ed the sceptre of uncontroverted power over all other crea- 
ted beings. The descriptions of tne fabled monsters of an- 
tiquity, which have so often delighted our childhood, lose all 
their character of ezacgeration when compared virith those 
that have been given ofSie reptiles whose bones arei entomb- 
ed in the solid strata of the fflobe. Some of these have evi- 
dently been fitted to liVe in the deep wateie of the sea, while 
others in all probability inhabited lakes and livers ; but they 
■11 appear to have existed at a period when our earth enjoy 
ed a much higher temperature than it now possesses. Judg 
ing from the antiquity of the rocks in which the boneroif rep- 
tiles are found, they appear to have been created a long period 
before the viviparous animals, and at a time when the earth 
was unfit for creatures of a higher organization. 

The first appearance of the bones of reptiles is in the beds 
Ijring immediately above the coal measures, and they are found 
foore or less abundant as high as the chalk deposite, but aboTa 
this they entirely disappear. During some part of the time 
that intervened between the formation of these two depos- 
itee the reptiles must have existed in immense numbers, if 
we may calculate from the quantity of bones thieit are found. 
They are most abundant in a* limestone rock, called the lia% 
in which the bones of two extinct marine genera, the ichthy- 
oeanraa and pLesioeanrus, are very numerous. 

THE ICHTHTOSAtTRXrS. 

The ichthyosaurus, whose remains were discovered by Sir 
JBverard Home, bad a large head, enormous eyes, a dK)rt neck» 
and a vezy long tail. It was evidently destined to live in 
the sea, being famished with four broad and flat paddles, 
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btch fuppoted it to be a bkd, and M. de Soemmering classed 
it among the bats. M. Cuvier, however, maintained that it 
was a reptile, and showed that all its bones, from the teeth to 
th» daws, possessed the characters which distinguish that 
class of aniroals. But still it differed from all other reptiles 
in the capability of flying. It is probable that it could at 
plaaasre fold up its wings in the same manner as birds, and 
might suspend itself on branches ^f trees by its fore toes, 
though it possessed the power of sitting uprij^t on its hind 
feet. This is the most anomalous of aU the fossil reptiles. 

THI XEGALOSAURUSt 

This monstrous animal must have been thirty or forty feet 
in length, and seven or more in height. It was probably « 
terrestrial animal, and from the form of its teeth, the strne- 
tore of its jaws, and the bones of the extremities, we discover 




Jaw of the Megalosaurus. 

that it was allied to the recent monitor. The remaim of 
this animal were discovered at Stonesfidd, by our very emi* 
nent coontiyman Br. Buckland. 



THI lOUANODON. 



The iguanodon was an herbivorous reptile, which di&red 
firom all the animals we have mentioned, and surpassed thma 
in size. A thigh-bone of one specimen of this animal meaa* 
ured twenty-three inches in circumference. Other bonet that 
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wer^ found were eqanlly gigantic^ and its teeth were as laige 
as the incisors of the rhinoceros. It derives its name from 
the resemblance between its teeth and the teeth of the Igua- 
na ; and it is a remarkable circumstance that they are more 
or less worn by the operation of grinding its food, which 




Teeth of Iguanedon. 

shows that it performed mastication in the same manner as 
the herbivorous quadrupeds of the present day. It is gener* 
illy supposed that this animal was shorter in proportion to its 
bulk than the recent lizards, to which it is nearly allied ; bat 
even with this supposition, it appears to have been fifty or 
more feet in length, and eight or nine in height 

THl MOSOSAURUS. 

The remains of this animal were discovered by Hoffman. 
It appears to have formed a link between the monitors and 
the common lizards. A jaw of this animal measured three 
feet nine inches, and hence it was deduced that the entire 
length of the animal was about four-and-twenty feet. Its 
tail was much shorter in proportion to the length of its bodT 
than the crocodile, but very broad, so that by its means ift 
could force iu way through the most stormy waters. It hat 
no relation to the croco£le except in some partial oharao- 
ters, and the bones of the hind and feet have led to the sup* 
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poiition that it possessed a contracted fin, not mnch unlike 
tkat of the Piesiosaurus. 




Scull of the Moflosauros. 



FOSSIL BIEDS. 



The bones of birds are less frequently found in a fossil 
state than those of other classes of animals, so seldom indeed 
that some persons have absolutely denied their existence in 
that condition. Baron Cuvier, to whom the science of fossil 
organic remains is so much indebted, has detected and de- 
scribed at least eleven species of birds found in the gypsum of 
Paris, and among them a bone which greatly resembled that 
belonging to a preserved specimen of the celebrated Egyptian 
Ibis. The information, however, that has been collected con- 
cerning fossil birds, is at best but very confined, if not un« 
certain. 

FOSSILIZED REMAINS OF MAMMALIA. 

The remains of mammalia have never been found in any 
bed below the chalk, and hence it is supposed that they did 
not exist until the period immediately preceding the deposi- 
tion of that rock. The existence of organic remains in rocks 
indisputably proves that every bed in which they ocoiur htm 
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been at some period the superficial rock ; for, whether there- 
mains were brought from a distance, or the animals tawhioh 
they belonged existed on the spot, it is certain they could sot 
have been disseminated through the bed if it had not at that 
time been uppermost. When, therefore, the remains of any 
animals, or dass of animals, are found in particular beds and 
not in others, we have evidence that the animal or class only 
existed during the period in which the beds themselves were 
deposited. It is by the admission of these principles that we 
deduce the non-existence of mammiferous animals previous 
to the formation of chalk. 

Some few bones of individuals of the human race have 
been found in beds containing fossils, but in all instances 
there is reason to believe that they have been casually intro- 
duced at a very recent period. In tnif bogs, in alluvial de- 
posites, in fissures of rocks, and in caves, the bony structure of 
man is sometimes found, but in no instance in such a position 
as would lead us to suppose that our species was the contem- 
porary of the pakeotheria, or .even of the mammoth and rhi- 
noceros. It is true that human bones were found in some 
of the caves in France, and old pottery in some of those in 
Germany, but their situation and circumatances clearly proved 
that they were of recent date, and could not claim the same 
antiquity as we are compelled to give to the animal remains 
usually found in such situations. And yet there is nothing 
in the composition of the human bone to prevent its preserva- 
tion ; there is no principle of premature decomposition in its 
construction. The bones of men are equally well preserved 
in ancient sites of combat as those of the horse, and yet the 
latter are found in a fossil state. From these facts we de- 
duce that the human race did not exist at the same time with 
these animals in places which the geologist has had an oppor- 
tunity of examining. It is nevertheless possible that future 
inquiries in other countries may detect the presence of fossil- 
ized relics of man, associated with the animals whose bones 
are found in the gravels and caves of Europe. It may also 
he mentioned that no remains of monkeys, the race, which 
ranks next to man in anatomical construction, have hitherto 
been discovered, although the bones of animals which now 
inhabit the same woods with them are foiTlid in abundance. 

For the knowledge that has been collected in reference to 
the nature of the mammifejous quadrupeds, we are chiefly in- 
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debted to the laborious resemrches of the late Baron Cayier. 
There ia a seriea of recent beda of gyipsum, which occur in 
detached hills along the course of the rirers Mame and 
Seine, in which a great number of bones are found. The 
ffreater part of these belong to that order of animals which 
Cuvier has called the Paohydermata, or thick-skinned non-ru- 
minant animals ; but all the species, and many of the genera, 
are extinct ; there is one in particular, called the palaeotheri- 
urn, that has some points of resemblance to the rhinoceros, the 
hippopotamus, the horse, the camel, and the pig. Eleven or 
twelve species of this animal have been found, the largest be- 
ing about the size of a horse, the smallest not larger than a 
hare, but they all had fleahy trunks, like the tapirs, and lived 
on vegetables. 

The anoplotherium is another extinct animal, and has twe 
xemarkable characters ; the feet have only^ two toes, and the 
teeth are a continued series, without any intervening gap, 
which, except in this instance, is onlv observed in man. 

In the superficial gravel-beds, and in some caves, a large 
number of the bones of mamiQiferous quadrupeds have been 
found, belonging to both existing and recent genera ; but in 
nearly all those instances where recent genera are found, the 
species are observed to be distinct from those now existing. 
A large number of the bones of hysnas, for example, have 
been found in some of the caves of Germany, as well as m 
the cave of Kirkdale ; but Cuvier, after examining them very 
carefully, could not detect the existing species, though the 
animal had evidently all the habits which it is known to posses* 
in the present day. ^ 

The fossil elephant, or mammoth, was a most remarkable 
herbivorous quadruped, on account of its immense size. 
Judging from the number of bones which have been found in 
Europe and in America, it must have existed in herds of 
thousands. In very many of the gravel-beds found in the 
valleys of our own country, the bones of the mammoth have 
been discovered. It has, however, fortunately happened, that 
an entire specimen of one of these animals has been preserv- 
ed in the ice ef the northern regions. "In 1799, a Ton- 
goose fisherman observed, on the borders of the icy sea, near 
the mouth of the Neva, in the midst of the fragmento ef ice, 
a shapeless mass of something, the nature of which he could 
net conjectnre. The next year he obswved that this man 
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WB8 a little more disengaged. Towards the end of the fbl- 
i^owing summer, the entire side of the animal and one of tile 
tusks became distinctly visible. In the fifth year, the ice 
being melted earlier than usual, this enormous mass was cast 
on the coast. The fisherman possessed himself of the tusks, 
which he sold for fifty rubles. Two years afterward, Mr. 
Adams, associate of the academy of St. Petersburgh, who was 
travelling with Count Gobovkm on an embassy to China, 
haying heard of this discovery at Yakutsk, repaired immedi- 
ately to the spot. He found the animal ^eatiy mutilated, 
but the skeleton was entire with the exception of a fore-leg. 
The neck was famished with a long mane. The skin waa 
covered with black hairs, and with a reddish. sort of wooL 
The remains were so heavy, that ten persons had much difiS* 
culty in removing them. More than thirty pounds of hair 
and bristles were carried away, which had been sunk into the 
humid soil by the white bears when devouring the flesh. The 
tusks were nine ieet long, and the head, without the tusks, 
weighed four hundred pounds." 

The mammoth bears a close resemblance to the Indian ele» 
phant, but Cuvier considered it a distmct species. The height 
of the animal was from fifteen to eighteen feet, and it must at 
one period have existed in Europe, with the hippopotamus, 
rhinoceros, tapir, and other gigantic animals, whose bones are 
found in the same depositee. 

DILUVIAN ACTION. 

It is a common opinion among all those who have not 
studied the physical constitution of the globe, that the depo« 
sition of organic remains in the solid strata is attributable to 
. a universal deluge ; but this opinion is exceedingly errone- 
ous, for the various beds which together form the crust of 
the globe have been produced at different times, and under 
different circumstances. But, after the formation of all these 
beds, the earth suffered under a general catastrophe, and was 
overflown by water, or, according to some^ suffered under a 
succession of these deluges. It is not necessary for us to 
stop and inquire whether it was a single action or a succes- 
sion of causes ; we have only to attend to the results. The 
effects which are now to be observed may be considered un- 
der the followiQ|[ heads : — ^the destruction of pre-existing 
locks aad deppMtiOP of gravel : the transport of urge stonee 
Z 
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from their parent beds: the formation of caves, and df^ 

■cooping out of valleys. 

eUPttPlCIAL GRATILS. 

It is well known that many districts in England are covered 
by beds of gravel, which consist of fragments of rock and 
rounded pebbles. These fragments and pebbles will be found, 
if examined, to consist in many places of rocks which are not 
to be obtained in the neighbourhood where the gravel is de^ 
posited. In many districts of the midland counties in Eng- 
land, a nearly complete suite of rocks might be collected fionr 
the gravel, and nrast therefore have been carried from vari- 
ous, and some from very considerable distances. Mr. Phil- 
lips, speaking of the superficial gravel in Holdemess, on the* 
coast of Yorkshire, says — " The rocks from which the frag- 
ments appear to have been transported, are found, some we 
Norway, m the Highlands of Scotland, and in the mountains' 
of Cumberland ; others in the western and northwestern 
parts of Yorkshire, and no inconsiderable portion appears to- 
have come from the seacoast of Durham, and neighbourhood 
of Whitby. In proportion to the distance they have travelled 
is the de^ee of roundness they have acquired." 

The distribution of these fngments ef rocks could only 
hftve been effected by a vast body of water. From the fact» 
that have been gathered by geologists, it appears that it hasF 
taken a direction from north to south over the British Isles, 
and, according to Mr. Phillips*s statement, has even transport- 
ed fragments from Norway. In thwcourse it has been mod- 
ified by hills and mountain ranges, which may have divided 




« a, bed of graifel ; 6 ft, Btrata scooped out by the action of water. 



the body of water, and caused the many irregularities which 
are to be observed in the deposition of the gravel-beds. In 
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over the surface of rocks, it has scooped out cavi- 
ties, and in nearly all places where the transported gravel oc- 
curs this farrowed appearance may be observed, particularly 
in the chalk districts of Kent. 



The action of the diluvian current has not been confined 
to the transport of the small fragments which constitute beds 
of gravel, but in many places we find large masses of rolled 
stones, or boulders, which, having been torn away from their 
parent rocks, have been carried to a distance by the force of 
the overwhelming waters. . Near Hayton Castle, in Cumber- 
land* there is a spheroidal mass of granite, ten feet and a 
half in diameter, and more than four feet high ; and at High 
Peak, in Derbyshire, there is another which is twenty-one 
feet long, ten feet high, and nine feet wide. The granite 
boulder, near Hayton Castle, is supposed to have been 
brought from the Criffel mountain, in Dumfriesshire. As 
early as the year 1740, Ehrhart had traced to the Tyrol the 
granite blocks found in the country situated between the Alps 
and the Danube, and Von Buch ascribed those found in the 
north of Germany to Norway. Throughout the whole of 
Staffordshire, Cheshire, and Shropshire, these blocks ara 
distributed, many of which are supposed to have been 
brouffht from the Cambrian hills. 

We have ahready stated that there is evidence of the pas«> 
eage of a body of water from north to south over the British 
Jsles, and that evidence is strengthened by the positions of 
the transported masses. *< But if," says M. De la Beche, 
'* the supposition of a mass of waters havins passed Over 
Britain be founded on probability, the evidence of such 
a passage or passages should be found in the neighbouring 
continents of Europe, and the general direction of the trans- 
ported masses should be the same. Now, this is precisely 
what we do find. In Sweden and Russia, large blocks of 
rock occur in great numbers, and no doubt can be enter- 
jtained that they have been transported southward from tbo 
nprth.*' 

BONI CAVIBNS. 

It is exceedingly difficult to determine when the bone 
^ayes which are so f^e^uei^tly fpund in rodpi, and partian* 
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laiiy in liraettones, were fonned ; bat the pnibebiUtj is, thst 
thej have been ezcayated at ▼arioas times, and by different 
causes. It is not, however, lo much our object to speak of 
the caves themselves, as of the bones wjiich are so frequently 
found in them, though it must at the same time be acknowl- 
edged that the bones were in all probability deposited at 
different periods, and in many instances were accumulating 
for a long space of time. 

The existence of bones in caverns has been long knovm, 
■nd has always attracted a considerable degree of curiosity. 
The limestone caves of Germany, and Hungary in particular, 
have been celebrated for the quantity of t^nes and teeth of 
carnivorous animals they contain. The bones which are 
most numerous are those of the bear and the hysna, the 
former bein^ a species as large as a horse, and the hyona 
often one third larger than any recent species. There are, 
however, minsled with these the bones of tigers, wolves, 
fdzes, and other animals, none of which are petrified or 
rounded by rolling. 

Some of the early accounts given of these caves and 
their contents are very singular. Dr. EbroBUS describes one 
situated in the Lower Hartz, in the county of Holinstein, 
called by the country people Dwarfs Hole. " Here," he 
■ays, *' are found the sculls, jaw-bones, shoulder-blades, back- 
bones, ribs, teeth, thigh-bones, and all other bones of men 
and beasts ; and there are some like an unshapen mass or 
lump of stone, having no resemblance to any bone at all.'* 
Suck is the indefinite and absurd character of the accounts 
given by early writers of the bones found in limestone caves. 
Fiofessor Buckland commenced the philosophical investiga- 
tion of the organic remains of bone caverns by the examina- 
tion of that of Kirkdale in Yorkshire. Since the publication 
of his large work, ** Reliqus Diluviana,'' the subject has ac- 
quired a new interest ; many geoloeisti have been actively 
engaeed in the investigation, imd, although the information 
that has been acquired cannot be considered satisfactory, it 
may be hoped that the time is not very distant when the 
efforts that have been made will be attended with entire suc- 
cess. 

Kirkdale cave is situated between Helmsley and Kirby 
Moorside, about twenty-five miles from York. It was 
discovered in the summer of 18S1, while catting a quanj. 
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mod was Tisit«d hf Professor Bncldaiid in Deeember of Uia 
Bame year. Its ^eatest length is aboat two hundred and 
forty-five feet, hot it is so low wat there are only a few places 
where a man can stand erect. A bed of soft mod entirely 
covers the floor of the cave, and upon removing this the 
bones were found. The whole of the bottom of the cave, 
from one end to the other, was strewed over with hundreds 
of teeth and bones, presenting an appearance like that of a 
dog's kennel. The greatest quantity were found at the 
mouth of the cavern, but in all places the hopes of both large 
imd small anioMils were mingled together. 

The remains of twenty-three species of animals were 
found in the Kirkdale cavern ; the hy»na, tiger, bear, wolf, 
£pz, and weasel ; the elephant, rhinocerofl^ hippopotamus, and 
horse ; the ox, and three species of deer ; the hare, rabbit, 
water-rat, and mouse ; the raven, pigeon* lark, snipe, and a 
small species of duck. Nearly ail these bones presented a 
fractured and gnawed appearance ; and, except teeth, and 
0ome hard and solid bones, none were found perfect ; hot 
there were some fragments of jaw-bones belonging to the 
deer, hyaena, and water-rat, which contained their teeth, and 
were in a state of good preservation. 

From the ^awed and fractured state of the bones, the 
manner in which they were strewed oyer the floor of the 
pave, and the great abundance of bysnas' teeth over all 
pthers, Djr. Buckland infers that the eavem was the den of 
hysnas for a long succession of years, and that the bones of 
other animals are the remains of those bodies which they 
dragged into the cave for food. Dujring this time there was, 
as Sie doctor supposes, an irruption of muddy water, which 
deposited the bed that now covers the floor of the eavem, 
and preserved the hones from that destructioB whieh would 
have resulted from their exposure to the air. Many pf the 
bones were found to be polished on one side, while the other 
remained rough, which is attributed to the friction produced 
by the animals walking or rubbing themselves upon the ex- 
posed suriiu;^. How many hysnas have existed in this cav- 
ern cannot be very readily determined ; but there is evidence, 
it is said, of at least two or three hundred. The supposi- 
tion that the Kirkdale cave was the den of hysnas, is, accord- 
ing to the opinion of the professor, iavoured by the certainty 
lllAt tbjMO ftnioiala diiMl a^ yario^ periods of hfe ; for, whilk 
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■ODM of iheir teeth bear maiks of extreme old tge, being 
abraded to their veiy sockets by coDtmoal gnawing, there 
are others which have belonsed to exceedingly young animals. 
The Oermaa cayes of Oailenroth, Kiihloch, Scharzfeld, 
and Baumanns Hohle, contain abuidance of bones, but the 
ffreater number of these belong to two extinct species of bear. 
Sir Philip Egeiton, who has recently yisited these places, 
states, in a letter to Professor Buckland, that bones of piss, 
birds, dogs, foxes, and mminantia were found in all the 
caves he visited, and, what is still more remarkable, old 
coins and iron household implements of most ancient and 
uncouth forms in that of Rabenstein. This discovery seems 
to throw an additional interest over the existence of bones 
m caves, and especially when connected with the fact that 
the remains of man have been found in the South of France, 
mingled with the bones of the extinct rhinoceros and other 
animals. It may, even in the present state of our knowledge, 
be deduced, that the bones of all caves have not been earned 
to their present situation at the same period, or by a common 
cause ; but we cannot expect to gain much additional infor- 
mation until travellers pay some attention to the condition 
of the country around tne caves they visit, as well as to the 
collection of bones. If we possessed as full and accurate 
accounts of the many bone caverns, whose names we know, 
as M. De la Beche has given of that of Plymouth, there 
would be little difficulty m determining their eras. "At 
Oresion quarries, Plymouth, clefts and caverns in limestone 
rocks have afforded numerous remains of the elephant, rM- 
ooceros, bear, ox, horse, deer, and other animals, buried, 
more particularly in the case of clefts, beneath considerable 
angular masses and smaller fragments of limestone. In one 
instance which I noticed, the animal remains occurred be- 
neath ninety feet of such accumulations, the bones and teeth 
being confined to a black clay under the fragments. Tho 
remains of bears, rhinoceroses, hyaenas, and other animals 
contained in the celelHated Kent's Hole, near Torquay, be- 
long to the same district. In the superficial gravel of this 
part of the country, the remains of animals of the same kind 
as those detected in the caverns have not yet been discov- 
ered ; but, if we continue our researches eastward, we shall 
find them in the valleys of Charmouth and Lyme ; thus, ap- 
stMBdy, giving tbeae xemains of elqphanto and rfainoceroaas 
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the same relative antiquity as those beneath fragments in the 
clefts of rocks near Plymoath, and probably also as those 
contained in the caTems at the same place, and at Kent's 
Hole. It will be remarked, that the animal remains which 
seem to imply a warmer climate existing at that time than at 
present, occar. in low grounds, fissures, and caves. Upon 
the former they have lived, and into the two latter they may 
may have either fallen or been dragged by beasts of prey. 
The elephants probably browsing on branches and herbage, 
the rhinoceros preferring low 'grounds, the bears and hyaenas 
inhabiting caves, and the deer, the ox, and the horse ranging 
through me forest and the plain ; all which supposes land 
fitted for them, and therefore hill and dale. Consequently 
valleys were scooped out previous to the existence of the 
elephants ; and if a mass of water acted on the land de- 
stroying these animals, it must have been influenced in its 
direction by the previously existing inequalities of surface." 
This remark leads us at once to make a few observations on 
the formation of valleys, as a fonrth result of diluvian action. 

FORMATION OF VALLEYS. 

All valleys have not been formed in the same way : some 
are due to the elevation and some to the depression of the 
strata which compose the adjacent hills, and others to partial 
slipe or dislocations of rocks. To these we need not refer 
in the following remarks, for the statements already made in 
relation to stratification and its disturbance, must have sug- 
gested the thought that some valleys may have been occa- 
sioned by the elevations and depressions which rocks haYe 
suffered. 

There is another class of valleys produced by water ; but 
there is a difference of opinion as to the manner in which 
water acted upon the surface of rocks, and formed valleys. 
3ome suppose that they were caused by the action of rivers 
and the burstmg of lakes, while others attribute them to the 
irresistible force of a vast diluvian current, which, sweeping 
over the surface, has scooped out for itself as channels 
these depressions. The dispute between the advocates of 
the two theories was once very violent, but they have now 
probably seen that both theories may be in part true. We 
cannot understand liow either the action of a river or the 
bunting ctf a lake codd have produced many of the vaUeye 
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« our own coimtry, but it is piobtble tiiat the nvines and 
corges, that is, the JMirSA defiles which, bounded by perpen- 
dicular walls of rock, A^mmunicate between more open 
spaces, may have been piodaced by these causes. 

The yalleys that are owing to the action of water have 
been divided into two classes, yalleys of elevation and val* 
leys of denudation, the one resulting from the combined ac- 
tion of subterranean and aqueous causes, the other from the 
action of water only. 

The yalleys of elevation are depressions made in high 
lands that have been formed by the fracture and upheaving 
of strata, the fractured parts being afterward carried away 
by the force of water. In all valleys of this description it 
Qiay be observed that the strata, though once continuous, 
have been upheaved, and that the removal of the point where 
the strain n^etj .^t§r elevation, has produced the vall^. 




Valleys of elevation. 
Valleys ef denudation are those which have been produced 
by the action of vast bodies of water at a time after the de- 
position of the most recent of the ancient rocks. This fact 
13 proved by the undisturbed position of the beds on each 
eide of the valley. The rock found at the mouth ef the 
3eine is covered by green sand, to the exclusion of many 
beds which usually intervene between them, aiid the same 
Vregularjity ppcyrs in the opposite coast of Lyme, from 




Valleys of denudation, 
whidi it may be deduced that these two places were oocf 
Boited. Sp on a niwUer sc^ it will be observed th«( miiy 



INTERIOR OF THE EARTH. 273 

of the Talleys so numerous in Deyon, Dorset, and Kent, and 
more or less found in all counties and in all districts, have 
the same beds on each side, and eenerallj in such a direc- 
tion that a line carried from one side to another would be in 
a right line with the direction of the stratification. " If a 
person were to see,** says Mr. Calcott, ** the broken walls 
of a palace or a castle that had been in part demolished, he 
would trace the lines in which the walls had been carried, 
and in thought fill up the breaches and re-unite the whole. 
In the same manner, when we view the naked ends and 
broken edges of strata on one side of a yalley, and compare 
them with their corresponding ends on the other, we cannot 
bat pMceive that the mtermediate space was once filled up, 
and the strata continued from mountain to mountain." Such 
effects, we think, can only be attributed to the action of 
moving floods Of water, and these of the most impetuous 
character ; and it may be remarked, that while they acted 
upon the surface ^frocks, breaking down eyery impediment, 
they accumulated the components of the superficial grayel 
and transported boulders. 

It will appear, then, if the statements and deductions ad- 
vanced in tne preceding pages be admitted, that the crust 
of the earth has been formed by a succession of causes, dif- 
fering from each other in character as well as in intensity. 
The condition of the earth when it proceeded from the hand 
of the Creator, and was thrown into space to perform its 
ceaseless revolution round the orb of day, geology does not 
pretend to determine ; nor does it assert that any of the rocks 
which now compose its crust formed, in their present con- 
dition, a part of the primordial mass. But there is abun- 
dant evidence to prove that the present arrangement of rocks 
is not that which they had at the beginning. The aj^nts of 
destruction and recomposition are everywhere active, and 
from the very constitution of matter it may be deduced that 
their agency must have been influential from that instant 
when me particles of matter were united together ; and, 
consequently, we may expect to find the effects of these 
causes on the surface of the earth itself Observation 
proves that the expectation founded on the consideration of 
present causes is not fallacious, for the rocks which o3mpose 
the crust of the earth bear evidence of the variety of causes 
which acted upon them. But this evidence is not confined 
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to the constitution of the beds themseWes, for we may de- 
duce many facu as to the condition of the earth at distinct 
periods, from the nature and coodiiion of the oiguiic re- 
mains which are foand in the several depositee. 

The efiect of water in abrading and destroying locka will 
be best understood by an examination of the vast deposites 
of clay, sand, and gravel, found in rivers, seas, and oceana» 
differing in no respect from the beds of the same oature 
known to constitute in part the crust of the earth. The 
aqaeoos causes which now act upon the surface of the earth 
differ from those which produced rocks in no other circiun- 
•tance than in their want of intensity, the greater energy of 
the destroying agents at former periods depending upon the 
peculiar physical constitution of the earth. 

The relative positions and superficial extent of land and 
water have been constantly changing; not slowly and imper- 
ceptibly, as in the present day, bui by the activity of causes 
the effects of which have been almost instantaneous, upheaving 
Ibe bed Qf the ocean and deluging the dry lands. In some 
instances the eause, and consequently the effect, have been 
jocal ; but at certaia periods there was probably a universal 
convulsive movement of the entire crust of the earth, when 
element warring with element involved all nature in one 
general ruin. The distorted and shattered condition of 
some series of rocks assures us of the truth of this statement ; 
the hardest minerals have been melted by the intensity of 
the heat, while the vapours which have been generated 
have torn asunder the mightiest masses, and a&rded an 
exit to the melted rocks. 

It most never be forgotten that the ultimate object of 
^lo^ 19 to gain some information cppcemio^ the forma> 
tion of the earth, the causes employed, the circnmstsnces 
under which Ithese causes acted, and the physical condition 
of districts at each successive period of iu existence. To 
gain this knowledge we trace the superposition of roeks, the 
disturbances thev have suffered, and the organic remsins 
they contain. The facts which geologists have discovered 
lire, therefore, only the rudiments of their science, the prin- 
ciples to which the process of induction must be applied. 

TSKPSaATUBK OF TH« INTKRIOS OF THB SAXTH. 

Tb9TP 9x9 manj cizcumstances which inda^e vm to heli9f» 



mtfiRioit OF mt EAJLtk. 279 

that the interior of the earth has a much higher temperature 
than its surface. From the experiments ofProfessor Mitch^ 
ertitch and others, we learn that mineral substances may be 
made to assume a crystalline form when cooled from a stat0 
of fusion ; and this result, connected with other facts, provetf 
tiiat many of the crystalline rocks were produced by tho 
agency of fire. The existence of more than two hundred 
actiye volcanoes affords evidence that there is an intense 
internal heat ; and the lavas they ejett are so analogous in 
appearance and composition to certain of the trap-rocKs, that 
it IS not possible to deny them an identity of origin. These 
observations have compelled geolojpists, in spite of early 
prejudices, to admit the a^ncy of nre in the production of 
some rocks, and in modifying, if not in producmg, the pres- 
ent state of the earth's crust. We should not, perhaps, 
greatly err from the truth, were we to state that all the 
causes which are now instrumental in producing a change in 
the relations of land and water have always been active, and 
at former periods produced much more violent effects than 
they do at the present time. However disastrous and sud- 
den may be the changes which occasionally affect certain 
districts, their effects are, doubtless, but trifling, when com- 
pared with those which were not of imfrequent Occurrence 
daring the formation of the earth's crust. This remark is as 
true m relation to the agency of fire as to that of water. 
The causes of disturbance are now placed under a control 
which they themselves were made instrumental in produ- 
cing,-— a circumstance that gives us a high sense of the 
arrangements which the Creator adopted in the first consti- 
tution of the earCfa. 

The exhibitions of Tomboro, Teneriffe, and other lam 
volcanic mountains, are not worthy to be compared with £e 
energy of the sanie force, when it upheaved continents, 
fomwd mountain chains, and covered the face of countries 
and continents with lavas. All nature is now in a compara- 
tive state of repose ; the forces that once devastattia the 
earth with an internal and superficial war have almost ceased 
to act ; and the earth being thus , prepared for the residence 
of man, he is permitted to enjoy the patrimony that God has 
ffiven, vrith Kttle disturbance from those' numerous enemies 
by which he is surrounded. 

The appearances tiurf asre presented by rocks in almost aQ 
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countries strongly support the supposition that the interior of 
the earth has a much higher temperature than its superficies, 
though it may have been long and is still decreasing. We 
are not yet able to assert this as the result of experiment ; bat 
from the obserrations that have been made upon the temper- 
ature of mines, it is, we think, quite certain, that the heat in- 
creases from the surface downward. There are, howeTOT, 
many difficulties connected with the investigation of thia sub- 
ject, and the sourees of error which affect the results of all 
the experiments that have been made, lead msny persms to 
beheve that the comparatively high temperature of mines and 
other excavations may be traced to local causes, independent 
ci any increase of internal heat It is true that the breath 
ai the mmers, and the heat given out by their lamps, as well 
as by the explosion of gunpowder, are calculated to raise the 
temperature of mines, and to vitiate the results obtained 1^ 
experiment. But the errors thus produced are in some 
measure corrected by the circulation of cold air through the 
salleries of the mine ; for, as one mass of air becomes heated. 
It exMnds, and escaping, is replaced by cold air which nshee 
in: mw, whether experiment be made upon the temperature 
of the air or of the water in the mine, or of the rocks them- 
selves, some allowance must be made for the effects of the 
distuihing causes to which allusion has been made. Some 
geologists, however, attribute the increased tempentore of 
nunes and other excavations entirely to these kcal causes. 
There is something like an unwarrantable skepticism in thia 
opmion ; for, admitting and allowing idr the influence of theee 
deranging causes, thwe is evidently a resultant which in- 
creases with the depth, and can be only attributed to an In- 
creasinff interior tenpeiature. About three hundred obeer* 
vations had been made in various countries previous to the 
year 18S7, at depths varying from 127 to 1700 feet, the re- 
sults of v^ch have been combined by M. Cotdier, and they 
severally lead to the same conclusion — a subtenanean tena- 
peratnre increasing vrith the dqith. M. Cordier has eodesT- 
ooied to allow for the errors to which these experiments 
were Sable, and has probably appwmmated to die truth, el. 
Ihoqgh the difficultMs connected vrith the investmtiiMi sie 
' " r greater than mwht at first be imaginsd If the 
Mof thewatsr found ineunssbe takmssaen- 
I of te tM^mmsor the aspth ^ wteh it» I 
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it will be necessary for the obseryer to consider whether h 
came from above or below its present situation, and to allow 
for the heat it received or gave out in passing throogh rocks* 
If the temperature of the rock itself be taken into account, 
an allowance should be made for the contact of the air, and 
of the water diat percolates through ft. After estimating as 
nearly as possible, M. Cordier deduces from the experiments 
eenerall]^, and from his own in particular, a series of interest* 
uig and important principles. 

It appears, then, that there is an increase of temperatuia 
according to the depth from the surface of the earth ; an in- 
crease which is not at all dependant on the solar rays, but 
belongs essentially to the condition of the mineral components 
of the earth's body. This increase of subterranean heat in 
proportion to the depth does not follow the same law in all 
places ; for, in some countries, the ratio between the depth and 
the increase of temperature is much greater than in others. 
From experiments made beneath the Observatory of Paris, 
it was deduced, that at that place a depth of fifty-one feet 
corresponds with an increase of one degree of heat, from 
which it would follow, admitting a similar continued increase, 
that the temperature of rocks, at a depth under the cit^ of 
Paris of about a mile and a half, is equal to that of boiling 
water. But the same results are not obtained in all places, 
for we have a variety of depths as the index of an increase of 
one degree in temperature, varying from twenty-four to one 
hundred and four feet. It is probable that the difference be* 
tween the increase of temperature in relation to the depth at 
different places, may be in some measure attributable to the 
imperfection of the experiments from which the results are 
deduced ; but it is not wholly refenrible to this cause, and we 
must concede, after making every allowance that there is % 
certain irregularity in the distribution of subterranean heat, 
which has no constant relation to the latitudes and longitudes 
of places. The mean increase of temperature is calculated 
to be a degree for every forty-six feet ; but this result cannot 
be considered as perfectly accurate, nor is it possible to de- 
termine whether there be any lines upon which the depth 
and the increase of temperature would have a constant ratio 
to one another. Many other experiments are necessary ; and 
they should be made net only with the intention of ascertain* 
■vtbe ntie between the increase of temperature end tiie 
As 
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d«pth at particular placet^ but alto to ^ those lines, if therv 
be such, upon which the ratio ie the same. We may hope 
to accompfiah this desirable object, and it will be the duty of 
succeeding ages to repeat the experiments, to ascertain 
whether these ratios are constant, or whether thej are influ- 
enced by durstion, to fix their relation to the isodynaniio 
xones, and to the line of no yariation. With the most indus- 
trious exertion it Will require a considerable time lo soWe 
these interesting problems, for we have as yet taken but the 
first step towards the investigation of the subject. Two 
tilings, noweyer, are certainly determined, the increased sub- 
terranean temperature, and its Taiiation of amount in di&r- 
ent places. 

A simple reliance upon these facts, without ma allusion t» 
theory, could scarcely be expected of the most cautious phi- 
losopher. Let it be admitted, that the temperature ccNitinues 
to increase from the surface to the centre of the earth at the 
rate of one degree ibr forty>six feet, and it follows that at the 
centre there is a temperature equal to 460,000^ of Fahren- 
heit's scale ; and at the depth of about aixty miles, there is a 
temperature sufficient to fose all known rocks. These deduc- 
tions are believed by some philoaophers, while others are un- 
willing to admit them ; for thou^^ they may allow that sub- 
terranean temperature does increase withm the depths ta 
which examination has extended, yet they assign a fimit to 
this increase, such as may suit their own theoretical notions. 
It is peihape unwise to press the fiKts to which we have al- 
luded into the service of any particular theory ; but, at the 
same time, if it be tree that the mteiior tempezataie increases 
proportionally widi the depth in all those places m. vdkich ez- 
penments have been made, it will be difficoU to assign any 
depthatwhidkdietemperataie ceases to increase. liisthis, 
in aU nrobability, that has led M. Coidiw and odieis to be- 
lieve ttiat the tampentnie contDDnea to incieaBe even to the 
eentre of the eartii, tiiosM^ at every depth it is gradaafly be- 
coming less, from the ramatinn at the aorftee. 

It is no new doctrine that the centre of the earth is in a 
state of igneoos liquidity, though it has but recently been 
proved by experiment. Sosae of the aaciant phitoenphnra, 
■■Hg i Bing As principle we call heat to have a ssaterisi exMt- 
eaee, so^KMcd Om interior of the earth to have received sad 
xetamadm portion of the solarnya» and thastohnei 
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tn> a laboratoiy of calorific matter suited to prodaee thoM 
phenomena acknowledged on all hands to result irom a greatly 
increased temp|eratuTe. Other persons iniaj[ind tho earth to 
have been origmally in a state of igneous fluidity ; but, in pro- 
portion to the decrease of surface temperature, there must 
h9>re been a condensation of aqueous vapour on its surface, 
and oceans, seas, rivers, and lakes, ytete consequently pro- 
duced, with all those results which are now known to proceed 
from Uie motion of the aqueous fluid. To account for the 
primitive intumescent state of the earth, some hav« supposed 
It to be a part of a comet that was by eome misfortune brought 
in the course of its wandering within the attractive influence 
of the sun, by whom it was enchained, and compelled to per- 
form an undeviating attendance around him. Others have 
fancied that it must be a fragment from the body of the sun 
itself, ejected in a liquid and ignited state. La Place, the 
celebrated French astronomer, calculates its history from a 
period when it was floating in space as nebulous matter, 
having no greater consistence than the morning cloud. With 
these hypotheses we have nothing to do ; £ey are monu- 
ments of record to the folly of great minds ; but as they are 
without foundation, they cannot long exist, even to serve as 
warnings to future adventurous theorists. 

Havmg shown the results to which we may be brought by 
deductions from well-authenticated experiments, and by ima- 
gination unrestrained by philosophy, it may not be undesirable 
to ascertain whtct may be gathered from some of thoseprio- 
eiples which philosopherB universally admit as true. What- 
ever opinion may be entertained concerning the igneous 
Uqcddity of the interior of the earth, there can be no reason- 
able doubt, admitting the truth of the laws of gravitation, that 
there is an mcreasing subterranean temperature. Now, it has 
been proved in a former chapter, that atmospheric air has dif- 
ferent densities, dependant on the pressure it undergoes, and 
die force of gravitation ; and as air has a greater density at 
the level of the sea than on a hish mountain, so its density 
must bejRoater in a deep mine than on the surface of the 
earth. But it is wel! known that heat is given out by bodies 
when they suflfer condensation, and this, in part, accounts for 
tile fact, that temperature increases as the elevation above 
the sea decreases. The very increase of atmospheric density 
would, therefore, raise the temperature of the air in deep 
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Bunet ; and althotigfa it may not be sufficient tn itself to a» 
count for all the results that have been obtained by ezperi 
ment, it is worthy attention. Mr. Ivory has calculated that 
one degree of heat will be evolved from air when under a con- 
densation equsl to 1-180 ; and if a volume of air be sudden- 
ly reduced to half its bulk, the heat given out would be equal 
to 180O. 

But solids as well as vapours give out heat when th^ suf- 
fer compression. A piece of iron, by frequent hammering', 
may be raised to a red heat. Now it may be easily deduced 
that the mineral constituents of the earth undergo compres- 
sion in proportion to their nearness to the centre, and conse- 
quently their temperatures will be in the same proportion. 
There are two antagonist forces acting upon the body of tho 
earth, centrifugal force and gravitation. The rapid revolution 
of the earth on its axis generates a force which urges eveiy 
particle to leave its combination, and to fly off into space as 
an independent mass of matter — ^this is the centrifugal force ; 
but its influence is restrained by the force of gra?itation, which 
^es each particle a tendency to fall to the centre, and en- 
tirely prevents the separation which would follow from the 
nnrestrained activity of the centrifugal force. But the effects 
of the two forces are not less distinct than the laws by which 
they are governed. The centrifugal force increases with the 
distance from the centre ; the force of gravity increases as 
the distance diminishes. It will therefore follow, that the 
density of the earth increases in proportion to the depth &om 
the surface ; and as heat is given out by compression, the 
subterranean temperature must increase with the depth. 

Admitting the truth of the arguments that have been em- 
ployed, and the deductions that may be drawn from them, it 
IS not diflScult to account for the various results that have 
been obtained by experiments on ^e internal heat at difierent 
places. It is well known that the earth consists of a great 
variety of substances, having distinct physical properties. 
There are some that have a great capacity for heat ; there 
are others that are eood conductors ; while a third class may 
be altogether devoid of both these properties. If we could 
suppose all the mineral compounds that compose the earth's 
body to be perfect conductors of heat, there would be a con^ 
Btant current towards the surface, and a radiation from it. 
HuNRB is such a current ^ but all the mineral massse an not 
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eondnctOTs, and when a heated atratum is attrronnded with a 
■abstance which cannot conduct heat, the temperature must 
be retained. We need not, therefore, be surprised, that dif- 
ferent results should be obtained at the same relative depths 
in distant places, a circumstance necessarily resulting from 
the peculiarities of bodies in regard to the^nrinciple ol heat. 
It maj, perhaps, be supposed by some, that this variation in 
the temperature at ec^ual depths may be aided, in certain 
places, by a local chymical action. Within certain limits, 
this may possibly occur, and produce casual variations in tbe 
ffeneral law ; but we do not believe that chymical action can 
be exerted under the enormous pressure that exists at com- 
paratively small depths, 

In this way the existence of an increasing interior heat may 
be deduced without adopting the supposition that the whole 
fflobe was originally in a state of fusion, and that by the ra- 
diation of heat, and the consec^uent cooling of the upper por- 
tion of the mass, beds of primitive rock were formed. Nor 
do we perceive any necessity for supposing the mterior of the 
earth, either at a former or at the present time, to be in a state 
of igneous fluidity, though the reasons adduced are sufficient 
to prove that there is a considerable increase of heat in the. 
interior of the earth, and possibly in some places ^i^ absolute 



M. Cordier, who admits the igneous liquidity of a large 
portion of the earth's body, has applied the supposition to the 
explanation of volcanic action, in a very ingenious manner. 
He supposes volcanic phenomena to result Uom the gradual 
cooling and consequent contraction of the interior of the 
earth. The contraction of the refrigerating crust is said to 
produce an enormous pressure upon the interior fluid matter,, 
in inany cases equal to 28,000 atmospheres, and to force a 
portion of the fused rocks through a vent already formed, or 
to produce a new aperture for emission, by breaking away, 
the solid crust in those places where it has least power oil 
lesistance. In support of this opinion, he adduces tbe follow* 
ing singular calculations. From the measurement of the 
matter ejected by different volcanoes, he calculates thftt the 
extreme limit of the product of an eruption is less than one 
eabic kilometre, or 1,308,044,971 cubic yards. Now, if the 
mean* thickness of the crust of the earth be 62.1 miles, its 
ooatraction, producing a decrease of the ladiup of the centra) 
Aa H 
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wtu» equal to the 13,694th of en inch, would be snlBeiettt te 
jirodoce a violent eruption. M. Cordiei then proceeda t# 
state that, allowing five eruptiooa eveiy year, the diffiurence 
^tween the contraction of the solid cmst and that of tfa* 
internal mass would not shorten the radius of that mass mor« 
than -03937 of an inch in a century.* 

That volcanic eruptions are the effects of a high interior 
temperature we have no doubt, but many valid objectioDs 
mi^nt be urged against M. Cordier*s theory. 

From the short analysis we have given of the facta and 
reasoning by which a high interior temperature may be 
proved, it will be evident that it is not easy to determine ths 
general laws by which it is governed. If the central portkvB 
of the earth be in a condition of igneous liquidity, the solid 
erust which envelops it may be supposed to be of various 
thickness, as all mineral substances luive not the same powes 
of conducting heat. Hence there must be a considerablo 
difference in the amount of radiated heat,, unconnected with 
the situation of the place on the surface of the globe. TUs 
view of the subject connects it with the question of climates* 
the diversity of which has long attracted the attention of 
philosophers. But at present we cannot even guess the ii^ 
fluence which the determination of this question may havs 
upon the solution of many problems that have long perplexed 
Che philosopher. In the present condition of our knowledge, 
the details that have been given may be somewhat uninteiw 
eating to the general reader; but we anticipate that, whea 
those principles are determined which are within the reach 
of experiment and physico-mathematicd reasoning, the sub- 
ject will be second to none in importance or interest. 

If it be true that temperature increases with the depth* 
there will be little difficulty in explaining many phenomena* 
the causes of which are now matters of conjecture. The 
disturbances suffered by the ancient rocks, and the eiectioa 
of volcanic products among them, as well as the existeneo 
of modem volcanoes, earthquakes, and thermal springs, an 
easily accounted for, should the statements we have advanced 
be teoe. We have no doubt of their accuracy, and shall 
consequently proceed to an explanation of the appeaiancet 
trtufih we suppose to result from them, tod levieir th» 

« See page aOT. 
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ions which aome other penons hare entaitamed u to 
origin of the same phenomena. 

TOLCANOIS. 

Geology was for a long time a combination of hypotheses, 
bnt for many years past it has been advancing to the rank of 
a practical science. Although it has gained much by the 
industry and zeal of those who have devoted themselves to 
its improvement, yet it is still necessary that some care shonld 
be exercised in me admission of statements as facts, and all 
hypotheses should be examined with a jealous regard to th^ 
advantage of science. So lon^ as Stahl and Beccher haunted 
chymistry with their phlogistic phantom, every phenomenon 
was wrapped in the mist which it generated ; and so the ran* 
dom conjectures of cosmogonists have enveloped the facts 
recorded upon the page of material existence. In describing 
the geological constitution of the earth, we are accustomed 
to speak of the agencies which we suppose to act upon it as 
though it could not exist unless it preserved the character 
with which it has been invested by our imagination, and could 
not have existed at all unless it had been formed according 
to our own plan. Now geologists are cured of the mania by 
which their predecessors were afflicted, and direct their en* 
ergies to the discovery of truth, our knowledge of volcanic 
forces, and the phenomena which attend volcanic activity, 
will soon, it is hoped, be so much' increased as to enable na 
to determine, with much more certainty than we now do, the 
extent and relations of the volcanic cause. There was a 
time, and it is almost within the remembrance of aome of 
our readers, when the Mounts Etna and Vesuvius were uni- 
versally considered the types of volcanic activity, and the 
existence of the igneous cause was determined by a com- 
parison of phenomena with those which attended the exvptioii 
of those celebrated mountains. The extensive observations 
made 'by those who have recently engaged in the study of- 
rocks, l»ve already given us a more accurate conception of 
volcanic action, have exposed to view many facts probably 
connected mth the cause, and made us tolerably acquainted 
vrith the geograjdueal position of mountains and their periods 
of activit}r. 

There is a great want of definite application in the use of 
|]i» words Tolcano and volcanic eaoMi aomatiiniw th^y <» 
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QMd MiyiMmyinoiit withthe tenns igneous effects and igne- 
ous ageneies, while at other times they are only employed in 
relation to eleTations which eject from their snmmits or cones 
Ihsed rocks, and the causa which gires them birth. Some 
writers include in the expression, volcanic action, the phe« 
nomenon of hot aprings ; others add to this the ejection of 
mad, as at Tuibaco, in Sooth America, while others confine 
it to the positira projection of liquefied mineral matter from 
the intenor of the earth. Now, however certain it may be 
that many i^enomena derive their origin from the energy of 
the aame cause, yet acme difference uiould be made in de- 
•eriptive language ; and therefore, instead of applying the term 
volcano to aU those appearances in which heated substances 
are ejected from below the surface of the earth, we shall con- 
fine its application to those spots where liquefied rocks, having 
proofs of calorifie agency, are ejected. 

Volcanoes, aceoraing to our definition of them, may be 
divided into two classes, active and extinct. There is some 
dififieulty in determining Whether a volcano is extinct or not ; 
for craters which have not suffered eruption for ages, have 
suddenly asaumed all their activity, and spread their liquefied 
eontaBta o?er the adjacent districts. We must then consider 
all volcanoes to be extinct which have not been active during 
the hiatorie period ; but should any of these hereafter exhibit 
any proof of a continued existence of the agent, they may- 
then be daased among the active cones. 

The mosK interesting series of extinct volcanoes with which 
we an personally acquainted, is that of Auver^e, in France. 
The most recent of these had certainly no relic of activity at 
the time when Julias Cesar invaded Gaul ; for although he 
encamped upon them, he has not in his commentaries aUuded 
to their volcanic origin. How long before this they ceased 
to present those phenomena which attend eruption must be a 
matter of speculation, aa the most ancient historical records 
of the coontiy do not in any way refer to them. 

The moat recent part of this district is that to the west of 
Claremont. Thia »ct is determined by the position of the 
lavaa, and not by any distinctive characters in their compo- 
sition ; for it is well known that all deductions formed upon 
the differences of chymical constitution in the ejected materi- 
als, are exceedingly erroneous. But when the geoloj 
tncss a bed of lava down a contiguous valley, he is justi 
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IB tapponng that the lava was ejected after the Talley iras 
excavated, and, on the other hand, when it occurs as an out- 
lier, and caps the hills which surround the valleys, he may 
then conclude that the valley was formed after the ejection 
of the lava, as its excavation has destroyed the continuity of 
the bed. Now, it is generally acknowledged that these val- 
leys were formed by the lastdiluvian forces ; we have, there- 
fore, a convenient and natural division of extinct volcanoes, 
into ante and post diluvian. 

Let us suppose, for the sake of illustration, that the out* 
liers. a b e, an composed of a volcanic rock, having the 




characters necessary to identify them as parts of the same 
mass. It is evident, from their situation and dip, that they 
were once continuous, and that the catastrophe which excava- 
ted the valley destroyed the intermediate portion of the bed ; 
the volcanic rock is therefore antediluvian. But if the cone 
4, and a contiguous valley should be covered with a bed of 
lava, it would be spoken of as a postdiluvian formation. 

There is one district which, above all others, would repay 
investigation, and probably lead to some important results : 
we refer to the country around the Dead Sea. From the 
Sacred Writings we learn, that the spot now called the 
Dead Sea was the well-watered and fertile plain of Jordan, 
in which Lot resided when the cities were overthrown. 
From the character and distribution of the ancient lavas, 
pumice, and other volcanic productions found in this district, 
we may deduce that the overthrow of the cities, and the 
formation of the sea or lake, were produced by a now extinct 
volcano situated to the southeast of the lake. The wells of 
naptha, and the hills of sulphur, are spoken of by all travel- 
lers who have visited this desohite country, and in some 
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Diaeet, it is lud, the Mil is m i]ii)ff«gtiated with these 
mflammable materials, that it may be easily set on fire. 
Pomice, obsidiaD, and ashes, are scattered over the fkce of 
the coontiy ; and craters have been discovered in vaiioos 
parts amonff rocks of sienite and porphyry. 

Br. Daaoeny has given a very interesting account of this 
district, in his work on Volcanoes, bttt in some particulars we 
differ fiom him as to the origin of the Dead Sea. " I shoold 
suppose," he says, " that tba same Tolcano which destroyed 
the cities of the plain, threw out at the same time a current of 
lava sufficiently considerable to stop the course of the Jordao, 
the waters of which, unable to overcome the barrier, accumu- 
lated in the plain Siddim, until they converted it into the pres- 
ent lake." The natural termination of the river was thus 
altered ; its estuary, which the doctor supposes to have before 
opened into the Elemitic branch of the Red Sea by Ahaba, 
was entirely destroyed; and the waters which it brought 
down from the mountains of Antilibanus, were dissipated vy 
evaporation from the Dead Sea, which is a mere accumula- 
tion of them, its extent being determined by the temperature, 
which induces evaporation from its surface in proportion to 
the quantity brought into that sea by the Jordan and other 
streams. 

Although we admit the accuracy of the general outline of 
the geological picture which Dr. Daubeny has drawn of the 
Holy Land before the catastrophe which destroyed the cities 
of the plain, there is one feature which appears to us inacca- 
rate^the southerly direction of the Jordan. He speaks of 
a great longitudinal valley, discovered by Burckhardt, as the 
channel through which ito waters were once discharged. But 
the probability is, that this river was either lost before it 
reached Ahaba, or it turned to the west after passing through 
the Vale of Siddim, and fell into the Mediterranean Sea ; for 
we cannot imagine that so small a river as the Jordsn, fed by 
so few auxiliary streams, could find its way throu^ the broad 
gorges of £1 Araba and £1 Ghor, the stream itself being con- 
stantly decreased by evaporation. This question, however, 
can only be solved by a careful examination of the district. 
Nor do we believe that the Dead Sea is an accumulation of 
water brought into the Vale of Siddim by the Jordan ; for it 
to us iar more probable that the earth on which the 
cities stood, sank at the time of their destniction. 
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and that the lake was then immediately fonned, as in the 
case of Euphemia. But, whatever may have been the man 
ner in whicn the volcanic agent acted to prodace the effect, it 
would be exceedingly interesting to know something of the 
present appearance of the district, and the distr&ution of the 
utTa over tne neighbouring valleys. 

It has been already stated that it is not uncommon to find* 
volcanic rocks, or at least rocks which so much resemble 
those now ejected by volcanoes, that few geologists doubt 
their i^eous origin, alternating with, or enclosed by, stratified 
deposites. The rocks of this class are known by the generic 
term trap, and are specifically designated ffreen-stones, ba- 
salts, and porphyries. The rocks of the Pic du Midi de 
Bigorre, for instance, and the limestones especially, are gener- 
ally superposed by trap. At Christiana, in Norway, slate and 
the rock called gpiuwacke are covered by a bed of porphyry, 
not less than sixteen hundred . feet in thickness ; and at 
Holmestrand, the same mass passes into a fine-grained basalt. 
In the Island of Skye, red sandstone is tiaverMd by a great 
number of trap veins, and is sometimes superposed by the 
same rock. At Lamlash, in the Western Isles, sandatone, 
conglomerate, and clinkstone, are traversed by a vein of 
spheroidal trap. 

▲CTIVS VOLCANOBS. 

Active volcanoes may be divided into two classes, the aerial 
and the subaqueous ; that is to say, those which have their 
craters exposed to the action of the air, and those which are 
under the water. It will be readily supposed that there must 
be a considerable difference in the character of the phenomena 
which attend the activity under these two circumstances; 
a difference which has in fact some relation to the density of 
the medium by which the a^ncy is restrained. Our knowl- 
edge of the phenomena which precede and attend subaqueous 
eruption is exceedingly limited ; but still it will be necessair 
to consider the appearances which result from the activity of 
volcanoes under both cinwmstances. 

THX PHXNOMSNA WHICH GSNIRALLY ^RSCBDS VOLOANIO 
AOTIVITT. 

In eveiy afle of the worid there have been some who, separ- 
ating themselves in part firom the common pursuits of man- 
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kind, htve deroted a portion of their time to the inveotigs* 
tion of DAtnral phenomena. Theee men have attempted to 
explain those thingt which others have considered as the 
secrets of Almighty Intelligence^ and have delighted them- 
selves with the contemplation of the beaotj of created exist- 
ence, and the wisdom displayed in its formation. But thooe 
who have been unimpressed by natvre in her periods of re- 
pose, have been attracted by her appearance in the moment 
of sublime excitement. The accuracy of this remark will be 
admitted by those who have never beheld a more violent con- 
vulsion than that produced by a passing thunder-storm, and 
still more by those who have seen moontsins themselveo 
shaken and rent by the impetuous action of aobterranean 
fires. The importance which men attribute to uncommmK 
appearances, and particularly to those of a fearful chsracter, 
has been the means of supplying -us with an ample fund of 
information concerning the states and effects of those volca- 
nic mountains which exist in countries inhabited by, or known 
to, those whom we designate the ancients. 

The phenomena which precede volcsnic eruptions slwayv 
present, wherever they may occur, a great similarity of char- 
acter, though they may vary in their mtensity. The energy 
chiefly depends upon the force required to open a passsge fyr 
the liquefied mass, and the attendant gaseous fluids. If the 
vent of an habitual volcano be much <^tructed by the accn- 
mulation of lava in the fissure through which ejection has 
takm place, a greater power will be required than would be 
otherwise necessary, as the fissure nrast be re-opened and 
the lava elevated ; and if it be necessary to form an entirely 
new vent, a still greater force must he brought into action, 
and that in proportion to the scAidity, position, and weight oi 
the superposed mass. There is not, we believe, a single in- 
stance within the range of historical records, in which a nevr 
vent has been formed in a country never beftwe the seat of 
voh»nic action. It is not uncommon to hear of the eruption 
of volcanoes that have been for centuries inactive, nor is il 
improbable that entirely new vents are sometimes formed in 
those situations where the same power has been before ex- 
erted. In both these cases, the great ebstruction presented 
to the volcanic agent by superposed rocks has been removed 
hf former eruptions, and therefore but little mcrease of power 
it rsquirad to foict a passage for the melted matoriaU 
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Volcanic eraptions are generally preceded by earthqnake, 
and the phenomena which are known to attend that terrible 
disturbance of the etrth^s stability. Loud rumbling sounds 
are heard, the air hae a mournful stillness, as though con- 
scious of the coming dttrkncss, the electric fluid bursts in 
broad flashes over the smoking summit of the mountain, and 
nature itself seems to be dressed in mourning habiliments. 
These appearances may last for hours or for days, and some- 
times the fears which they excite are not reaHzed, but after 
a brief convulsion natural objects resume their accustomed 
appearance. It must not then be supposed that earthquake 
is always followed by volcanic eruption, for there are some 
countries so insecurely based, that the inhabitants might live 
in the momentary expectation of being covered by the ground 
on which they tread, though a volcano does -not actually exist 
within hundreds of miles. Captain Bagnold states that in 
twelve months, daring his residence* at Coquimbo, on the 
coast of Chili, he felt no less than sixty-one shocks of earth- 
quake, not calculating the slighter movements to which the 
surface is still more frequently subject. 

Pfll^OMBNA KBSULT|NO FKOM VOLCANIC ACTIVITY. 

The period and intensity of volcanic eruptions are in nearly 
■II cases irregular, and we have consequently no means of 
arranging the several mountains in class s, for the sake of a 
more accurate comparison of their effects. Sometimes a 
mountain will be in ^a state of violent paroxysmal eruption ; 
and when this has passed away, it may be for years agitated 
with partial throes of but little intensity, or fUl at once into ft 
state of prolonged slumber. These variations are common 
to nearly all volcanic mountains ; and consequently we cannot 
arranse thefn permanently by the character of their activity, 
thou^ we may, in considering the phenomena they produce, 
form a general division, founded on the period and intensity 
of eruption, that will considerably guide us in the study of 
die phenomena. There are, in fact, three classes of volcanic 
activity — ^permanent eruption, moderate activity, and pro* 
kmged intennittences. 

TOLGANOIS IN PIRKANINT SRUPTION. 

It it tftid that there are not more than three voleinoes which 
M in ft state of peimansnt activity : that of .StramhoU» ono 
Bb 



290 IVTKUOR OP THE BARTH. 

ofUi0Li|MriIaIe«; tbe Devil's Month* in the LakA of Nie»- 
lagna ; aad thet in the lele of Boaiboa. 

Stromboli has been in a state of constant actiyity for moie 
than two thonaand years, and is a good type of this class, 
lAva seldom orerflows its crater, bnt laise masses of burning 
rocks and seoris sie incessantly ejected in a peipendicoUr 
direction. This phenonenon, accoinpamed by a load ezplo* 
sion, occurs ov^err seven or ei^t minates, of which fact we 
aie informed by Pliny* as well as by modem travellers. 

IMomieii examined this interesting moanuin, and has 
liven the following description of its eroptions : — " The in- 
lamed crater is on the northwestern part of the isle, on the 
side of the moontaiiL I saw it dart during the mght, at 
regalar intervals of seven or eight minates, ignited stones, 
which rase to the height of more than a hundred feet, form- 
lays a Uttle divergent, bat of which the greater quantity 
back into the crater, while others rolled even to the sea." 

On the following day he ascended an eminence above th» 
crater, finim which he obtained a still more interesting view. 
''The crater," he says, '*is very small; I do not think it 
exceeds fifty paces in diameter, hiavinff the form of a funnel 
terminating in a point Dating all Uie time I observed it, 
the eruptions succeeded with the same regalarity as duzingr 
the preceding night. The approach of the eruption is not 
announced by any noise or duU murmur in the interior of the 
mountain, and it is always with surprise that one sees the 
stones darted into the air. There are times when the erup- 
tion is. more precipitate and violent, and stones describing 
more divergent rays are thrown into the sea at a considerable 
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It has been stated by Dolomien, Hamilton, and Scn^, on 
the antlixity of the islanders, that daring the winter seasons 
the eroptions are far more violent than m summer, and that 
atmospheric changes may be generally predicted from the 
appearance of the crater. Sometimes during the storms of 
vrinter the cone is ^t, and large currents of lava are die- 



In the Island of Volcano there is a crater which at some 
former period must have been active, and still emits gaseous 
vapoms, which prove the continued existence oT'the volcanic 
** The operations of this volcano»'' jwva Br; Danbeay, 
It perhaps the neanst approximate to 4 ata^ of 
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ftctmty daring which descent mto the crater would have 
been practicable. 

** Nor can I imaspne a spectacle of more solemn grandeur 
than that presented in its interior, or conceive a spot better 
calculated to excite, in a superstitious age, that religious awe 
which caused the ii^and to oe considered sacred to Vulcan, 
and the Tariouft caverDs below as the peculiar residence of 
thegoda." 

TOLOAHOBS IN KODSRATB ACTION. 

Volcanoes are in the phase of moderate activity when thej 
are in a state of prolonged but inconsiderable excitement. 
Under this class we nay place the volcano of Popocatepetl, 
in Mexico, which was found in this phase by the aiscoverers 
of the country. Such also was the condition of Vesuvius 
from the commencement of this century to the year 1822, 

Signior Maria Gemmellario has given, from a meteorolosi* 
eal journal kept at Catania, a very interesting view of the 
successive changes of Mount Etna, at a period in which it 
was in the phase of moderate activity ; and no descriptioii 
could give so accurate a conception of the ever-changing 
phenomena. 

On the 9th of February, 1804, there was a sensible earth- 
quake. Etna smoked ninety-seven days, but there was no 
eruption nor any thunder. 

On the 3d of July, 1805, there was an earthquake. 
Etna smoked forty-seven days, and emitted flame twenty- 
eight days. There was an eruption in June, but no thunder. 

There were earthquakes on the 27th of May and 10th of 
October, 1806. The mountain smoked forty-seven days, 
flamed seven, and detonated twenty-eight ; little thunder. 

On the 24th of Februuv and 25th of November, 1807, 
there were earthquakes. Etna snooked fifty-nine days ; little 
thunder. 

In August, September, and December, 1808, earthquakes 
were frequent. £tna smoked twelve days, flamed 102, and 
ilften detonated. Thunder-storms were frequent. 

From January to May, and during September and Decem- 
ber, 1809, there were thirty- seven earthquakes. The most 
sensible shock was on the 27th of March, when the mountain 
ejected lava on the western mde. This eruption lasted 
thirteen diays, and part of the Bosco di Castigliime was in- 
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nired. The moiiDUm emoked one hundred and 6fbr.tivo 
dm¥8, Hzmtid three, and detooaied eleven. Little thander. 

'On the 16th and I7th of Febroaiy, 1810, there were four 
earth^aakea. On the 27th of October, £ina aufferad aa 
emptkm on the eastern side, and the lavn flowed into the 
Valle del Bue. There were abont twen^ thunder-storms. 

1811, no earthquakea; bat the mountain continued* until 
the 34th of April, to eject lava from the east. At this time 
the Mount St. Simon was formed. No thonder. 

Earthquake on the 8d and 13th of Match, 1813. The 
mountain smoked twenty-eight dajrs. On the 30th of June 
and on the 5th of August Sl Simon smoked. There weie 
twenty-one thunder-storms. 

On the 3d of November, 1814, thm was an earthquake, 
preceded by a discharge of sand from that part of the 
mountain called ZoccoUro. There were twelve thunder- 
storms. 

On the 6th of September, 1815, there vraa an earthquake. 
The mountain smoked forty-two daya, and there were eleven 
thunder-storms. On the 6th, 7th, and 11th of January, the 
lightning was tremendous. 

1816, no earthquakes. On the 13th of August a part 
of the interior side of the crater fell in. Ten thnndw- 
•tortns. 

There was an earthquake on the 18th of October, 1817. 
The mountain smoked twenty-two days. Hiere were eight 
thunder-storms. 

During 1818, there were twenty-five earthquakes. Hie 
most violent was in the neighbourhood of Catania, on the 
SOth of February. The mountain smoked twenty-four days. 
No thunder. 

Tlie phase of moderate activity is not very common, and 
the instances which have been adduced vrill be sufficient to 
acquaint the reader with its general chaxacter. The effects 
of the Tolcanic cause, even when it assumes the moderate 
characters we have described, would be sufficient to excite 
fear and surprise in the mind of any man who had not beeu 
accustomed to behold volcanic disturbances ; but those who 
have seen a paroxysmal eruption from an elevated cone 
after a period of long quiescence, would not mndi regard 
tfiete comparatively pony effi>rts. 
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THS PHA8S or PAKOXTtMAL T10LINCI. 

Tha pbase of paroxismal violence, or, as it is usually caUed, 
long intermittences, is characterized by lengthened periods 
of repose, followed by violent, though transient eruptions. 
Baron Humboldt has stated that lofty volcanoes are always 
m this state. The volcanic mountains of the Andes have 
not, generally speaking, an eruption more than once in a 
century ; and the Peak of Teneriffe, which was active in 
1798, had not at that time been disturbed for ninety-two 
years. It must not, however, be supposed, that this volcanic 
condition is confined to elevated craters, for the histories 
of other mountains give abundant instances to the contrary. 

The phenomena which accompany eruption are nearly the 
■ame in all cases ; varying in intensity, and consequently in 
the violence of their effects. In some cases the phenomena 
and the effects are confined to the immediate neighbourhood 
of the excited mountain ; while in other instances, and it is 
generally the case when the mountain is in the phase of 
paroxysmal intensity, the effects are felt for many miles 
round the active cone. The explosions of Cotopaxi have 
been heard at a disUnce of 600 miles. 

The activitv of a volcano generally commences with a loud 
detonation, which is succeecfed by others less loud, and the 
escape of aeriform fluids. Large fragments of rock and 
masses of lava are usually projected hy these discharges, 
some of which fall back into the crater and are redischarged, 
nntil they are reduced to powder, and mi^Ie with the sur- 
rounding atmosphere of heated vapour. The accumulation 
of these particles produces the appearance of dense clouds 
of smoke, which are almost invanably seem to surround the 
summit of the crater. 

The lava then rises to the vent of the mountain, and finds 
an egress from the crater, or from some lateral openinff. In 
some cases, however, scoria alone are projected. During 
the day, the lava is generally hidden by the aqueous Tapours 
which arise from it, but at night it appears of a glowing 
heat. While the lava continues to flow, the detonations are 
frequently less violent ; but there is no proof of the diminu- 
tion of the paroxysm until the mountain ceases to eject ; 
Old even then peacris not immediately restored, for scorui 
and masses of rock aie often thrown out for some tioM aftef 
the dreadful crisis is past. 

Bb». 
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When th« detonations become lew ffeqnenl, rmnbliBS 
■ounds are heard, aa the retreat of mighty waters ; and thA» 
BMrantain aeema gradoally to yield to exhaustion, or sinks 
mto a state of partial rest, occasionally disturbed by explo- 
•iona, and the ejection of scoria. Towards the concluaioa 
of an eruption, that is, after the lava has ceased to flow, the 
surrounding country is frequently enveloped in dark clouds 
of black-coloured sand, or a white comminuted pumice. 

The lofty mountains seldom eject lava from their summits, 
but from lateral openings ; for it requires far less power to 

Sten a passage in the aide of the mountain than to elevate 
e intumesceht mass to the summit. In the last eruption 
of Tenerifife a lateral opening was formed ; and, according to 
a calculation by M. Daubuisson, it would have required a 
force equivalent to a thousand atmospheres to raise a maas 
of lava to the elevated crater of the mountain. 

We may now adduce a few examples of activity in the 
phase of paroxysmal violence ; and the difficulty ia not to 
find a characteristic type, but to choose from the many an* 
thenticated and interesting detaila that are to be found in. the 
page of philosophical records. 

Yesuvms was in this phase in the year 1794. The firat 
proof of the approach of the dreadful eruption which happened 
at this time, was during the night of the 12th of June, when 
a severe shock of earthquake was felt at Naples, and over the 
surrounding country. Nothing more occurred to rouse the 
fears of the inhabitants till the evening of the 15th, when the 
earth was again violently agitated. Shortly after thia an 
opening was formed on the western base of the mountain 
cone, which, on after examination, was found to be 2375 feet 
in length, and 237 feet b breadth, and a stream of lava was 
ejected. Not long after the volcanic action had com- 
menced, four distinct hills were formed, composed of lavm^ 
from each of which st^es and other ignited substances were 
thrown in such quick succession, that it appeared as if they 
were each ejecting a vast flame of fire. At this time the lava 
flowed in great abundance, taking its course towards Portici 
and Resina. The inhabitants of Torre del Greco, rejoiced 
to see a prospect of their escape from the destroying fluid, 
were assembled together to jeturn thanks for their deliv. 
trance, and to supplicate for their unfortunate neighboora, 
when they received the melancholy tidinga that Uie lava 
hadehafigml its diisetioo, tad wts «{)inM^iqg thsir ttma. 
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f B flowing down a decliyitr, it had divided itoelf into tllree 
streams ; one directing ita coorae towarda St. Maria del Pag* 
liano, another towarda Reaina, and a third towarda La Toniiw 

Daring the whole of this time the mountain waa greatly 
convulaed, and deep hollow Bounds were heard, which* t»* 
gether with the impetuoos ejection of the lava, ahook the moun- 
tain itself to the very baae. When the oaciliatory motion of 
the mountain ceaaed, the aounds became leaa frequent, b«t 
more distinct ; the lava flowed more abundantly, and the ao- 
tion seeoMd as though it were suffering under the last parox- 
ysm of its dying energies. This wae about four o'clock in 
the morning of the 16th, and «t that timo the intnmeaeent 
mass had spread itself throueh all the streets of Tom del 
Oreco, and from thence had flowed into the^sea, covering ita 
l>ed 862 feet beyond the margin of the water, the current hav- 
ing a breadth of 1 127 feet. The diatance from the point of 
^ejection to the place where its progreas waa anested wm 
12,961 feet. 

During the pro^eaa of the ehiption the summit of Vesoviue 
was perfectly quiescent, and no remarkable phenomenon was 
•observed round the crater. But towards the dawn of day, 
the heights of the mountain were hidden by a dense cioud 
4»f comminuted send, which, spreading iteelf, in a short time 
covered the whole country, amd the sun waa daikened by aa 
impenetrable mantle of clcmds. 

It is inpoesible to describe the horrors of that night, m 
wfaieh Veeuviua poured out its terrible fury on the beantifa] 
valley beneath it The fiery ejections, and the ine x piee ab to 
groans of the mountain, the death-like atillneas of the wtmt^ 
aphere, and the cries of the thousands who had been driven 
from their homes and all the pleaaures of life, mnat together 
have presented a combination of tenora which no imagmation 
can realize. 

But, it was not on the western side onfy that lave wts 
ejected ; there was an active crater on the eeetem ; and tilt 
stream which flowed from it filled the valley of Torientn, 
which was 65 feet wide, 120 feet deep, and 1627 feet long. 
From thia valley it to<dL iu way into the niatn of Forte, whei% 
like the western stream, it divided into three hnnchee, whisk 
nevendly took their courses towoda Bosce, ]liawo» nA th» ' 
plains of Mulaia. This current was not above faiif to Inp 
» that mhieb taMd fron thn wMtKii «dn» 
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When the lavm ceased to flow, the enter was eoveiedbya 
dense eload of comminuted pomke, which enreloped it the 
four following days, during which time the summit of the 
monntain fell into the internal caTity. The sarroundinff 
country, to the distance nf ten or tweWe miles, was wrapped 
in a midnight darkness, and thunder-storms were awfully fre- 
quent. The average depth of the sand which fell daring this 
period, for a distance of throe miles round Vesuvius, is said 
to have been fourteen inches and a half. 

But although this eruption was attended with phenomena 
of a most awful character, yet its effects are not to he com- 
pared with those which attended the activity of Tomboro, m. 
Sumbawa, in the jear 1816. The convulsions of Tomhore 
commenced on the 5th of April with loud rumbling sounds^ 
which continued till the 7th of that month, when three col- 
omns of flame burst forth from near the top of the mountaiik 
A short time after the lava began to flow, the mountain ap- 
peared as though it were a solid body of fire ; but at eignt 
o'clock, about an hour after the ejection of lava, it was ob- 
scured by a thick eloud of sand. Between nine and ten 
o'clock ashes fell, and a whirlwmd arose which struck to the 
ground ahnost every house in the village of Sangar,.and car- 
ried, with tremendous force, the lifter parts, uprooted the 
trees, and swept away both men and cattle in its fury. About 
midnight the explosions commenced, and continued with in- 
tense violence till the evening of the 11th instant without in- 
termission. After this they moderated, but did not entirety 
cease till the 26th of July. Of all the villages round Tom- 
boro, only one, Tempo, esci4f>ed destruction ; and out of twelve 
thousand inhabitants, only twenty-six were saved. 

But the effects of this eruption were not confined to a lim- 
ite.d district. The fall of the ashes forty miles distant was to 
heavy, that the houses were considerably damaged, and in 
mmy instances rendered uninhabitable. In Java, three hui>- 
dred miles distant, the detonations were so distinct, and so 
much resembled the discharge of artillery, that a detachment 
of soldiers were marched from Djocjocaita, under the suppo- 
sition that there was an attack upon a neighbouring military 
pest ; and on the seashore the reports were mistaken for the 
fnns of a vessel in distress, and boats were in two instances 
••nt to give relief. 

On the 6th the ran was, even at this diatanee, obfcuredt 
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•ad then was every appeMraneo of an nproaching eartli» 
quake. On the 10th the noiaes were loaoer, and at Soiiui* 
nap and Banynwangi the earth waa Tiolently ahaken. Greaie 
and other diatrieta more eaatward were enveloped dnriog the 
greater part of the 12th of April in indeacnbable daricneati 
but, aa the clooda of aahea paaaed over and diachamd then* 
•elvea, light returned ; but it waa not till the 17£, when i 
ahower of rain fell, that the atmoephere waa cleared of its 
clouds of heated vapour and sand. The aahea were nine 
inches deep at Banynwangi. 

The detonationa of Tomboro were heard in Smnatia, 970 
miles distant, and indeed in all the Molucca Islanda ; but ao 
dreadful were its effecta along the north and west of the pen* 
insula, that but one aolitary veatige of vegetaUe life was 
preserved. 

We may take £tna aa another example of volcanic actir* 
ity in the phase of parozyamal violence. Thia mountain it 
entirely compoaed o( volcanic rooks, and risea in imposing 
grandeur to the height of 10,000 feet above the level of the 
aea. It is about one hundred and eighty milra in circumfer- 
ence, and is suirounded on every side by apparently smaU vol'* 
canic cones, though of no inconsiderable size. The earbeet 
biatorical notice of this mountain ia by Thucydidea, whe 
states that there were three eruptions previous to the Peloi* 
ponnesian war, to one of which Pindar allndea in his first 
Pythian Ode. In the year 896 B..C., the volcano waa again 
active ; and, accordmg to Diodorua Sicnlua, the Carthaginian 
army waa atopped by the flowing lava when marching againsi 
Sjrracuse. 

One of the most remariuble eruptions aoffered by this 
mountain was that which occurred in the year 1669, which 
waa so violent that fifteen towna and villagea were deatroyedy 
and the stream was so deep that the lava flowed over the 
walls of Catania, sixty feet m height, and deatroyed a part 
of the city. But the most singuuur circumstance connected 
vrith thia eruption waa the formation of a fibmber of exteaaive 
flMures, which appeared aa though filled with intnmeeceni 
Tock. At the very commencement of the eruption one vras 
formed in the plain of St. Lio, twelve mileain length and aix 
Sset broad, ejecting a vivid flame, and ahortly after five ethers 
were opened. The town of Nieolosi, ntuated twenty a^les 
firom the smnmit of Etna, was destroyed by saithquike, and 
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■nr tbs pfaie0 wImia it stood two nlft won foimod, froin 
whkfa ao lam a quantity of aand and acom was thrown, that 
I called MooBt Roaai, four hnndnd and fi% feet high, 
lodoced in aboot three mootha. 
(Te mey, perhapa, intiodace one other enmple of the eU 
leets fHodoeed by Tokanoee in the condition of parozyamal 
vioienee. Heela haa been long eelebnted for the intensity 
and eoatnUnance of ita enqitiona. The island in which it ia 
sitnated is not nnfreqnently ahaken from ita centre to ita 
shoves with violent earthg n iak e a, and new idanda are often 
fomedvponiucoasta, aorae of them aioking beneath the lerel 
•f the water as qaickly aa they wisrs formed, and others contitt- 
ning for ao many years as to give expectation of their perma- 
MDce. Heela has been more than twenty timea in a state of 
eropdoB during the laat ei^t hundred years, and, when ex- 
' \ ita devastatinc foiy u not easily appeased Bat Ice- 
is, as it were, UkB covering of one or the principal Ptu- 
workahopa, and itamoontainaarethechimneya of erer 



If we coold mention one year aa being more distinguished 
than any other for the fioleiMe of the vokaaie force in Ice- 
land, we might direct the attention of the reader to the year 
1788. In the month of May a submarine Tdcano was form- 
ed in Utitode 68^ 2^ north, and tongitode 239 44' west, 
about thirty milea southwest of Reykiuiaa. From the cra- 
ter of thia island, so large a quantity of pumice was e^ted, 
that the ocean was completely cormd with it fnr a distance 
of more than one hundred and thirty miles; but, after a abort 
time, the island sank beneath the lerel of the ocean, andonlj 
a racky reef, from -fiTO to thirty fothoms beneath the water, 
was left as the evidence of the prior existence of the island, 
and the aetirity of the Tokanie force. On the 11th of June, 
Skapt&r Jdkd, a volcanic mountain that has often spread des- 
olation over the surrounding country, ejected a considerable 
torrent of lava, which, flowing into the river Skapta, dried it 
m, and overflowed the fields beyond it, although in aomo 
piaeea the bed was more than six hundred feet deep and 
nearlv two hnndmd foot wide. A deep lake between Skap- 
tardal and Aa was filled with the lava, and a subsequent 
current ** was precipitated down a tremendous cataract called 
Stqiafes, where it filled a profound abyss which that great 
waterfall had been hollowing out for ages, and aftor this tha 
fhrj enxxent again continuea its connwt.'* 
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The remarks of Profeseor Lyell upon the effects of thU 
eruption are so explanatory and true, that we may be permit- 
ted to quote them. ** These Icelandic lavas, like the ancient 
streams which are met with in Auvergne and other provinces 
of central France, are stated by Stephenson to have accu- 
mulated to a prodigious depth in narrow rocky gorges ; but, 
when they came to wide alluvial plains, they spread themseWei 
out into broad burning lakes, sometimes from twelve to fif- 
teen miles wide and one hundred feet deep. M'^hen the * fiery 
lake' which filled up the lower portion of the valley of Skap- 
t& had been augmented by new supplies, the lava flowed up 
the course of the river to the foot of the hills, whence the 
Skapti takes iu rise. This affords a parallel case to on« 
which can be shown to have happened at a remote era ia 
the volcanic region of the Yivarais, in France, where lava 
issued from the cone of Thueyts, and while one branch ran 
down, another more powerful stream flowed up the channel 
of the river Ardeche. 

*' The sides of the valley of the Skapt4 present superb 
ranges of basaltic columns of older lavas* resembling those 
which are laid open in the valleys descending from Mont 
d'Or, in Auvergne, where more modern lava-currents, on a 
scale very inferior in magnitude to these. of Iceland, have 
also usurped the beds of the existing rivers. The eruption 
of Skaptir Jokul did not entirely cease till the end of two 
years ; and when Mr. Paulson visited the trKct eleven years 
afterward, in 1794, he found columns of smoke still rising 
from parts of the lava, and several rents filled with hot wap> 
ter." 

This explanation of the effecta of a volcanic eruption may 
suggest the origin of those extensive masses of i^eous rocks 
which are found to overlie those of aqueous ongin, while at 
the same time it accounts for many of the veins which ar« 
occasionally found to intersect horizontal depositee. Veins 
have been formed by injection, and by the admission of igne* 
oua rocks from above ; in the former case the rocks must 
have been ahnost necessarilv disturbed, and they will con- 
sequently give evidence of that disturbance ; but veins may 
have been formed by intermission without any disturbance of 
the parallelism of uie beds they intersect. When lava is 
ejected into a fissure from below, the probability is, that 
the fisaore was fonned by either the same cause that pro- 
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peBed lk» liqneied voeki, or W3r one similar to it in inten- 
mttf and chanctflr ; bat, when filled from alMnre, the apertiira 
may hnw been ptodoccd by an aqoeooa as well aa by an ig* 
■eoos caose, and hence it is that in these instances we some- 
times find that the beds which snrroand the baaah or trap 
irein giro no evidence of haring snffered onder a distoibing 
three. We are taoght the cause of anci<nit phenomena by 
atodying those agents which are now active. 

The observations and statements which have been made 
■re aofficient to show the activity and agency of the volcan- 
ic force, when its eflects are exhibited on islands and conti- 
Benta. Bat we have spoken of sabaqoeoas volcanoes ; snd 
in Older to compare the variety of effects prodaced by the two 
elasses of active cones, it may be necessary to state a few 
oiamples of snbaqueoos ernption. 

We have not aathentic recoids of many snbaqaeons volca- 
Boes. When it is considered that much the greater portion 
of the surfsce of the globe is covered by water, this fact may 
appear to intimate a moch less active conditioD of the vol- 
canic agent beneath the level of the sea than on dry land ; 
hot the elevation of the volcanic cones above the water ia 
the real caose of this ascertained result. An erdption of any 
considerable violence most, of necessity, fonn an elevation 
that vriU come under the elaas of aerial volcanoes, and hence 
it is that so many active cones are situated in islands. 

There is mach difficulty in obtaining detailed information 
cODceming the phenomena resulting from the activity of snb- 
aqoeoos volcanoes. That the eruptions are as numeroos as 
firom aerial craters, there can be no doubt ; but there is less 
probability of their bein^ observed. It is a singular fact, 
that we are acquainted with scarcely an instants of subaqne- 
•ua eruption that has not produced an island ; and yet it 
may be reasonably supposed that many do occur which have 
not sufficient energy to elevate the mineral masses above the 
level of the aea. This fact may be accounted for in two 
ways : the volcanic vent may be superposed by so great a depth 
of water, that no effect is produced on the surface by tho 
eruption ; or the energy which is exerted may be sufficient 
to occaaion many phenomena en the surface of the water, 
tiiough no observer is present ; and therefore, in this in- 
stance, as well as in the former, we are prevented fh>m gain- 
ing any iBfermation conceming the appearances ezhil^tod. 
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Some of the most nmarluble rabtqneont oroptiimt witli 
which we are acqaainted, are those that troabled the Sea of 
Azof, the Azores, and the Island of Santorino, in the Grecian 
Archipelago. We may select one or two examples to illui* 
trate the usual class of phenomena. 

The Island of Santorino, in the Grrecian Archipela^, was 
formerly known by the name Hiera, but this name is now 
given to another island. Fliny, speaking of it, says, ** There 
IS a tradition, that it rose out of tne sea ;" md supposes it to 
have occurred about 287 B.C. 

By the activity of, in all probabili^, the same volcank 
force, several islands have at various times been formed-^ 
Hiera rose from the sea in the year 197 B.C. 

Thia 40 A.D. 

Thia and Hiera were united - 726 A.D. 
Little kamenoi was formed - 1573 A>D. 

On the 22d of May, 1707, the volcanic agent was agalli 
active, and the islands were violently shaken by an earth- 
quake. On the following morning a new island, IsolaNuova, 
was observed, and a few days after, several persons ventured 
to visit it ; but during their stay it shook so much, that they 
hastily left the treacherous ground on which they had tres- 
passed. 

In July, there arose, at a distance of about sixty paces from 
the new island, a ridge of black I'ocks, from whiph torrents 
of smoke issued. The inhabitants of Santorino were greatly 
aUrmed at this new exhibition of volca&ic activity, and the 
vapour projected was so prejudicial that many of the inhala- 
tants were killed by inhaling it, and all of them more or lose 
suffisred from its effects. On the 31st, the sea seemed as 
though ready to boil, and m two places revolved in circular 
eddies. For ten years the volcamc agent continued in a state 
of partial excitement, and the inhabitants of the neighbouring 
islands were frequently alarmed by subterranean noises and 
earthquakes. 

The most recent instance of subaqueous eruption with 
which we are acquainted, is that which produced Hotham or 
Graham.Island, in the year 1831. This island was thrown 
up in the Mediterranean, between the southwest coast of 
Sicily and the African coast, in latitude 37^ 8' 80" nortl^ 
and longitude 12^ 42' 16" east. The emption seems to have 
been first observed by John Conio, the captaiA of a Sioiliaa 
Cc 
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resael, who, paming near to the «pot on the 10th of July, ob- 
MfTed an immense column of water ejected from the sea to 
the height of sixty feet, and about eight hundred yarda in 
cizcumiereDce. 




Graham Island, as seen by Corrao on the 18th of July. 
On the 18th of July, Corrao again passed the same spot^ 



IKTBRIOR OF THE EARTH. 



303 



and he found that a small island had been fonned, twelve 
feet high, with a crater in the centre, from which immenM 
columns of vapour were ejected, and masses of Yolcanic 
matter. 

The island was afterward visited by several scientific gen- 
tlemen, and is -said to have been two hundred feet high, and 
three miles in circumference, on the 4th of August. - But 




from this time the island decreased in size ; for, being com- 
poeed.of loose scorisB and pumice, it was rapidly acted upon 
by the water, and on the Sd of September, when carefully 
measured by Captain Wodehouse, was only three fifths of a 
mile in circumference, «nd one huiidred and seven feet high. 
At the end of October the island had entirely disappeared, 
except one small point composed of sand and scerin. Gap- 
tain Swinburne examined the spot in the beginning of the 
year 1832, and found an extensive shoal to occupy the place 
where the island had been, and in 1833 there was a danger- 
ous reef, of an oval form, three fifths of a mile in circum- 
ference. 

We may now close our remarks upon active volcanoes, by 
the mention of one or two facts deduced from the considera- 
tion of the geographical arrangement, relative position, and 
attendant phenomena of active cones. 

1. Nearly all the active volcanic cones are either situated 
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. U dM wm, or netr -tnwr 
an foood in ktlindit, and 
hws boan produced by tlM 
few excepdoni, however, imak be 
to thit nle, end we msy pertifwleriy BMUlnii the 
I of whim aie sitaated m tke in> 
iacior of Ihe eonliBeBt, baft froBi thab iriatiTe poaitioii theie la 
aome raaaoo to aoppoaethaft they are all langed over the aame 
gtn&t^ line of commaniration with the aea. The volcano 
of JoniUo ia moie diatant from the aea than any other ; yet 
OB one nde it ia connected with the Atlantic by TVutln, and 
on the other with the Pacific by Colhna. 

f. Anocher obaa r v atioo , deduced from the geogiaphkal 
poaition of volcanoea, ia, that they are generally ananged m 
Lnea^ It ia trae that we may hers and there find a acditary 
cone apparently nneonnected with m other moontain, aa ia 
the caae with Etna, and the Peak of Teneriffe ; and, at other 
timea, we may obeeite a email group of volcanoea, aa in 
South Ameiiaa ; bnt their moat common poaition ia in linao. 
The Tolcanoea of South America are arranged in tlua man- 
ner ; and the fact anggeated to Hmnboldt the auppoeitioB 
that they might be ranged over an immanae chaam of into- 



8. Volcanoea are not confined to aitoatioDi of any partie- 
nlar gedloffical formation. They are fomid among piunitiYO 
and aecondary rocka ; and die cnily reatraint upon this forma.- 
lian of a Tokanie cone, ia the erirtffnce of an oppnamg foicn 
in the eonatitntion of the mineral cmat greater than the pro- 
jecting force of the Toleanic aflent. 

4. Eanhqoakea and thannu apringa have their origin in 
the aame agency aa volcanoea; Thia atatement leada oa at 



to a connderation of the circnmatancea under which 
theae t¥VO ciaiaei of phenomena are exhibited. 

BAKTHQUAEia. 

Hie oonataney with ^diieh volcanoea and earthqnakea at- 
tend each other, ia the beat proof that can be given of the 
identity of their origin. We may aelect one or two exam- 
plea in illuatration. 

The aame nifi^t that limawaa deetroyed by earthquake, 
four new volcanic vents were formed in the Andea. In the 
year 447, the earth waa convulaed ahnoat without 
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lion, from the Black to the Red Sea ; and on the 20th of 
May, 520, Antioch was destroyed, and 260,000 persons were 
buried in the ruins ; at both these periods, several volcanic 
cones were active. Soon afler the earthquake at Lisbon, in 
1756, various parts of the world suffered under the effect of a 
similar cause ; and within the few succeeding years there hap- 
pened some of the most violent eruptions that ever afflicted 
the world. In 1759, the American continent was dreadfully 
agitated, and JoruUa was in a condition of violent eruption, 
attended with some most remarkable phenomena. In 1760, 
fifteen fissures were opened at once, and from each immense 
volumes of lava were vomited ; and, during the came year, 
Katlagiaa, in Iceland, broke out with intense paiotysmal vi- 
' -olence, attended with such awful volcanic phenomena as were 
never before seen. Thirty days after the destruction of the 
city of Garaccas, the volcano of St. Vincent became active ; 
and at the moment when it btoke forth, a subterranean noise 
^vas h^^ard, and the earth was shaken over an extent of nearly 
-2,200 square leagues. From these and numerous similar 
facts which might be mentioned, it will be evident that earth- 
quakes frequently attend volcanic eruption, and the intensity 
■of the one is generally in proportion to that of the other. 
Earthquakes, however, have been frequently unattended by 
eruption, a circumstance that may be explamed by the sup- 
position t-hst there was not sufficient energy to form a vent, 
or that the gasee generated by subterranean 4ieat made their 
•escape by dome previously existing fissure. 

Earthquakes differ greatly in intensity.^ 'the ag^'tatioih 
produced is sometimes so we«k, that it is only sensible to 
those who are accustomed to such phenomena ; or it may 
liave no other effect than that of shaking the befls and the 
loose articles of furniture : but at other times, the earth Teels 
like a drunkard, as though moved from the balance which 
had been assigned to it by its Creator — cities are overturned, 
districts are laid waste, and the entire aspect of a country ii 
instantly changed — ^mountains are overthrown, rivers are 
turned from their courses, and lakes are swallowed by tha 
greedy earth— 

« Diseased Nature oftentimes breaks forth 
In strange eruptions : oft the teeming earth 
Is with a kind of colic pinched and vexed 
By the impriMDment of unruly winds 

Oca 
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WKbin ber womb : ^M/Al, for cnlaiiMBtiit afarMng, 

Shalia the old beldam Eaitb, and topple down 

Steeples and moea-grown towers." 
The violence of an earthquake seldom lasts more than a 
ninote ; but successive shocks are sometimes felt at retj 
short intervals. During the a^;itatien» immense chasma are 
freonently formed, through which flames, torrenu of water, 
or aonse volumes of gaseous fluid, are thrown. Hie effects 
produced by earthou^Les are, therefore, in aoma instances, 
most extensive, and of a dreadful character. A more appal- 
ling description of the consequences of an earthquake cannot 
be ffiven, than that account of the catastrophe of 1638, re- 
corded by Kircher. The narrator was on his way to Euf^ie* 
inia, but the sea was tossed about by so unnatunl an agita- 
tion, and such dreadful noises proceeded from it, that it was 
found impossible to proceed ; and Kircher, with his compan- 
ions, landed at Lopizicum. ** Here," he says, ** scenes of 
ruin appeared everywhere aroond me ; but my attention was 
onickly turned from more remote to contiguous danger, hj a 
deep rumbling sound, which every moment grew louder. 
The place where we stood shook dreadfully. Ailer some 
timo, the violent paroxysm ceased. I stood up, and turning 
my eyes to Euphemia, saw only a frightfid black cloud. We 
waited till it passed away, when nothing but a dismal and 
putrid lake was to be seen where the city once stood." 
Humboldt has described, with his characteristic 



the feelings which are eraerienced by an individual on the 
coast of Peru when he feels the shock of an earthquake. 
«« From our infancy," he says, '* the idei of certain contrasts 
fixes itself in our mind ; water appears to us an element that 
moves — earth a motionless and inert mass. These ideas are 
the effects of daily experience ; they are connected with eveiy 
thing that is transmitted to us by the senses. When a shock 
is felt, when the earth is.^hakenon its old foundations, which 
we had deemed so stable, one inatant is sufiicient to destroy 
long illusions. It is like awakening from a dream; but a 
painful awakening. We feel that we have been deceived by 
the apparent calm of nature— we become attentive to the 
least noise— we distrast, for the first time, a soil on which wo 
bad so long placed our feet with confidence. If the shocka 
be repeated if they become firequent during succeeding days, 
the uncertainty quickly disappears. In 1 784, the inhahitanta 
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0{ Mexico were m aecuitomed to betr the thunder* foil be- 
neath their feet, as we are to witneae the vivid flaeh in the 
region of the clouds. Confidence easily springs up in the 
human mind ; and we end by accustoming ourselves, on the 
coast of Peru, to the undulations of -the ground, like the 
sailor to the tossing of the ship caused by iSe motion of the 
wares/* 

Some idea of the frequency of .earthquakes in some parts 
of South America may be formed from the fact stated by 
Captain Basnold, that during his residence at Coquimbo, on 
the coast of Chili, there were, during one year, not less than 
sixty-one earthquakes, not calculating the slighter ones, 
which were even more numerous. 

The effects of earthqttid[es are sometimes felt over « great 
extent of country. During the earthquake at Lisbon, in 
1766, the^ seas .in evezy part of Europe were agitated, and in 
•ome places became thick and turbid. Lake Ontario also 
felt the shock, and the sea round the Eastern Antilles. But 
the shocks are invariably most violent in volcanic countries, 
though not generally in those parts which are nearest to the 
seat of active volcanoes, and are seldom felt in countries 
.which have not been, at some period, the scenes of volcanic 
activity. In Morocco, and on the coast of Barbary, earth- 
quakes are frequently felt ; and although there is no active 
cone in either of these countries, or near them, yet there is 
geological evidence that the volcanic force has been active 
«t some past period. It has consequently been supposed by 
many persons, that there is a subterranean connexion between 
many distant places, and that a country once the scene of 
volcanic influence is liable to a repetition of ita effiBcts. 
Euthquakes are not always most violent in countries where 
active cones exist, for in such places every crater may act as 
a safety valve, and thus prevent the destructive effects pro- 
duced m other countries by the vast expansive force of the 
confined vapours which stnisgle to escape from their prison. 

It is difficult to imagine the character, much more the i»> 
fluence, of the phenomena which attend earthquakes, from 
any ibstract description that coold be given. We are most 
likely to approach to an accurate estimate of this terrible con- 
vulsion ot nature firom the perusal of the accounts which 
have been given of the phenomena by which they are attend- 
ed| and th« efiects th^ have pmduced «poii the districts, in 
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#hidi they have occurred. We shal Uierefere select one 
•r two ezamplet. 

The earthquake that destroyed Ijisbon, in the year 1 755, 
was the most violent that oTsr occurred in Evrope, at least 
within the record of authentic history. On the 1st of No- 
▼ember, at forty minutes past nine o'clock in the morning, a 
▼iolent shock of earthquake was felt, which, although it 
did not last more than a tenth of a minute, threw down one 
fourth of the dwellin^-beuses in Lisbon, and all the large 
public buildin||s. This shock, though short, probably produ- 
ced all the mischief, but was instantly followed by two oth- 
ers, and they aU sueceeded each other so rapidly that they 
are frequeDt!y spoken of as one shock. About twelve o'eloek 
the earth was agaiii shaken. A gentieman who was present, 
and escaped the destruetion by which the great mass of the 
peoole were overtaken, states, that at this time, standing 
in Use Terra de Paseo, he saw the wails of several houses 
open from top to bottom^ more, than a 'quarter of a yard, and 
close again so exactly as to leave no sign of injury. 

During the first shocks, the Tagus receded five fiulongs 
Aora ito usual boundary, but afterward advanced in an enor- 
nons wsve fifty feet above the ordinary level of the tides, 
and then instantly iretired. At Caseais, Setuval, Penische, 
and in Alganres, many persons were drowned by Ae sudden 
advance ef the sea ; for the effects of this terrible earth* 
quake were felt all -over Portugal, and also in other countries. 
The momiMuns of Arebeda; Estretta, Julio, Marvau, and 
Cintra, wers shaken to their foundations^ the summits of 
some ci them were v^J^ and huge masses were thrown 
down into the valleys. 

The destructive eflfoets of this earthquake cannot be ade- 
quately described. At least 90,000 persons were destroyed 
in Lisbon by the first fall of houses. Such scenes can be 
painted only by an eyewitness. "The sight of the dead," 
says Mr. Wolfall, ** far exceeds all description ; for the fear 
and constwnatien were so great, that the most resolute per- 
son durst not stay a moment to remove a fow stones off the 
friend he most Imred, though many might have been saved 
by so doing : but nothing was thought of but self-preserva^ 
tion ; getting into open plaees, and into the middle of the 
etreets, was the most probable security. Those lost in houses 
«od pneeli we very oaequal to those that were bnijed hi 
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the nuns oC clmiehes ; for m it was « day of groat dorotion, 
and the time of celehrating mass, aU the churches in the 
city were Taatly crowded, and the nomher of churches here 
exceeds that of hoth London and Westminster ; and as the 
steeples are built high, they mostly fell with the roof of the 
chQich, and the stones are so large that few escaped. 

** I lodged," says the writer of this account, *< in a hoase 
where there were thirt)r-eight inhabitants, and onlv four were 
saved. In the city prison eight hundred were lost, tweWe 
hundred in the general hospital, and a great number of con- 
Tents of four hundred each. The palace tumbled the first 
shock, but the natiTes insist that the inquisition was the first 
building that fell down." 

This earthquake was not only felt in Portugal and the pen* 
insula of which it forms a part, but throughout Europe, on 
the north of Africa, and even in the West Indies. The Jew* 
ish quarter, Mequinez, in Barbary, was swallowed up on the 
same <lay, and about ten thousand of the inhabitants perish* 
ed. A town in Morocco, with about the same number of in* 
habitants, and all they possessed, was destroyed in the same 
manner, the earth closing over iu victims. The city of Tas* 
•o had the same fate. In Scotland, a remarkable elevatioa 
of the waters of Loch Lomond was observed ; the Thames 
rose and fell ; and in Antigua and Barbadoes several slight 
■hocks were felt. 

It would be easy to fill a volume with the mournful ac- 
counts which have been given 1^ -observers of the effects of 
earthquakes in different places ; but we shall refer to only 
two others. A severe earthquake occurred at Lima, on the 
aOth of March, in the year 1828, by which a part of the town 
was destroyed, and a number of Uvea were lost. The pier 
was cracked three parts across, and an aperture eighteen 
inches wide was left in the line of fissure. A large mass of 
rock, thirty feet thick, was separated from a cliff at the north 
of the Island of Lorenzo, and thrown into the sea. The 
chronometers and clocks were stopped by the swing or vibra* 
tion of the earth, and its effects were observed on the sea as 
well as on the land. Captain Bagnold has given (in the Phi- 
losophical Journal) a very interesting account of this earth- 
quake, as observed by an officer of a vessel moored in the 
Bay of Callao. The ship was violently tossed, and the wa^ 
ter was m a state of apparent ebulUtion, the whole of its sur* 
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hce beinff eoYered with bubbles of gas, probably the anl- 
phoretted tiydrogen, which emitted an offensive smell resem- 
blmg that of putrid pond-mud. One of the chain cables of 
the Teasel suffered a partial fusion ; and dead fish floated upon 
the surface of the turbid water. 

Lima has often suffered from earthquakes. That of 1666 
was felt over an extent of one hundred and sixty-six leagues ; 
and that of 1746 destroyed three fourths of the city, aiM one 
hundred and twenty thousand persons.* 

On the 13th of August, 1823, an earthquake destroyed the 
greater part of Aleppo, and about thirty thousand inhabi* 
tants. Mr. Baker has ffiven an account of this catastro- 
phe, in a letter to the British and Foreign Bible Society ; 
and as it also contains an expression of the feelings which 
were produced by the awful phenomenon, we may quote the 
letter lUelf. 

*' On the night of the 13th of August, about half past nine 
o'eloek, Aleppo, the third city of the Ottoman empire, built 
eotiiely of stone, was, in the space of a few sec(mds, brought 
down to its foundation. 

*< I was, at that time, asleep on the terrace of my particular 
friend, Mr. Meseyk, who, by the help of the Almighty, was 
mercifully saved, with all his family. About half an boor pre- 
Tious to the great shock, a light one was felt, when I took 
the precaution to draw my bed from under a very high wall, 
where it was placed. I was soon awakened by the fall of 
that wall, on tiie very spot where my bed had stood. I sprang 
firom my couch, and without waiting to dress myself, 1 flea 
into the house, which I found falling on all sides. To re* 
main in the house, or to take flight through the streeU, ap- 
seared at first equalhr dangerous : at length, I embraced the 
latter resolution. In consequence, I descended the back 
stairs of Mr; Meseyk's house, for the great staircase fell at 
tiie same time. The darkness of the night, and the clouds 
of dust that covered the atmosphere, prevented me from per- 
ceiving the stones and rubbish on the stairs which had fjulen 
from part of the house, and consequently I was precipitated 
into the courtyard, and on a dead body. How can I express 

♦ A very dreadful earthquake occurred in that country in 
1636, by which the citv of Cionception and a mat nun^ of 
villages Were destooyed* 
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my feelings «t that moment, ignorant on what body I had fall* 
en 1 — I was half dead with fright and horror. I afterward 
learned that it was a faithful servant, who had a second be- 
fore descended those stairs, when some stones from an ad- 
joining Turkish house fell on him and killed him. 

'* I quitted thatjnelancholy spot, and, like a man deprived 
of his senses, rafr amid the fallen walls to the gate of the 
town, which is situated at some distance from my friend's 
bouse. It was on my road, among narrow streets, that I 
was destined to witness the most horrible of all scenes. The 
(ighi of the houses whose sides had fallen, exposed to my 
riew men and women clinging to the ruined walls of their 
nouses, holding their children in their trembling arms ; man- 
gled bodies lying under my feet ; and piercing cries of 
haif-huried people assailing my ears — Christians, Jews, and 
Turks. 

** After a great deal of trouble and fatigue, running among 
the ruins, I arrived, exhausted, at the gate of the city, called 
Babelfamige, the earthquake still continuing. But the gate 
of the city was shut, and no one dared to risk his life under 
its arch to open it. I threw myself on the gate. I felt in 
the dark, and perceived it was not locked, but the great iron 
bars that went across the foldinijr-doors were bent by the 
earthquake, and the little strength I retained was not sufficient 
to force them. I went in quest of the guards, but they were 
no more. I fell again on my knees before the Almigh^, and 
while in that attitude four or five Turks came near me, and 
joined hands to pray in their accustomed way, calling oat, 
- A.l]a ! Alia !* Having in sight my safety, and that of thou- 
sands of individuals who crowded to the gate to escape^ I 
made no more reflectione, but began to entreat them to help 
me to open the eate in order to save our lives. Providing 
themselves with large stones, in a little time they forced the 
bars and opened the gate. No sooner had I quitted it, than a 
strong shock of an earthquake crumbled it to pieces, and sever- 
al Jews were killed by its fall. 'When I recoyered a little my 
senses, I began to feel new suiferincs in the thoughts of 
what had happened to my brother and his family at Antioch, 
and the cruel fate of my friends in the city ; besides, the 
melancholy objects around me — people wounded, others la- 
menting the death of their relations, others having before 
them &eir dying chiklren taken from under the roina-' 
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prayed 10 ftrongly on my mind, that not the pen of the ablest 
writer coald give an adequate idea of my feetings." 

By the same conTultion, Antioch, Lattakia, Giaser, Sho- 
gre, Idlib Mendan Killia, Scanderoon, and all the other towns 
and yillaget in the pachalic of Aleppo, were destroyed. 

A moltitade of painful reflections rush into the mind when 
we consider the influence of some phenomena in the deatroc* 
lion of human life, and we turn with fear from the picture of 
the past, mistrusting the condition of the physical amenta by 
which we are surrounded. In the bright morning of expec- 
tation we fancied that all without, as well as vrithm us, could 
hftTS BO other influence than the production of pleasing emo- 
tions and happy associations, we first learn that there are 
•a many sources of misery as of pleasure in our own minds, 
and man and nature then assure us there is no real depend- 
ance on them. The morning may be placid, and the uncloud- 
ed sun may deck in its chastening hue the face of nature, but 
it may set enveloped in clouds, amid the strife and the dis- 
eords of nature. Curiosity and dissatisfaction might prompt 
the inquiry, why has th^ Creator of all things permitted the 
existence of causes calculated to destroy animal life 1 but if 
religion and reaaon reply, they answer, that man may feel his 
dependanee upon Him who has all agents under his control, 
and has so ordered them as to secure, consistent with the na- 
ture of his terrestrial goyemment, the accomplishment of 
hie own will, and the greatest happiness of the greater num- 
ber of his creatures. 

From the facts mentioned in the preceding remarks, it 
will be quite evident that earthquakes owe their origin to the 
internal force that produces volcanic eruption. This deduc- 
tion does not depend uptm any one circumstance, but is 
supported by various analogies. All the countries liable to 
eartnquake are either enclosed by sctive vokanie cones, or 
have been, at some past period, the seat ef volcanic erup- 
tion. Earthquakes usually precede volcanic activity, and 
cease with the eruption ; and to these facts we may add, that 
Tolcanoes and earthquakes resemble each other in all the 
circumstances of activity, so far, at least, as relates to their 
penod and intensity. 

THKBMAL SPRIMOS* 

It is almost universally admitted by geoltgista, that ther- 
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tttid -tpimft dmvfB tlmir origin fram tbe Tdlcuiic a|faoc< 
Thw opinKm is deduced from the positions' of these spnngef 
mnd the- infloence of volcanic eruptions upon them. It bM 
been noticed by writers, that there are thnte pkees in whieh 
. thermal springs may be found : in the vicinity ef aoti e yoU 
. canoes, in mountain xhains foAnsd by volcanic activity, and 
m rocks which have sufl^red intense physical convolsiontf 
itom igneous causes. It cannot be said that theimal springs 
are never found in situations which do not present any ezler« 
nal evidence of violeitt disturbance ; but if they do occur in 
such situations, the circomstance cannot be urged as a proof 
that thermd springs are not produced by the volcanic cause* 

In the vicinity of Etna, Vesuvius, and Hecla, hot springs 
are abundant, and in Iceland they are so numerous and activo 
that they may be spoken of as the characteristic phenomena 
of the island. But they attend extinct coneSf.as well as thostf 
which are active ;' for there are many in the ancient vdcanio 
districts of the sooth of France, Hungry, and Bohemia* 
In the Pyrenees, and in Other lofty chains which owe their 
-elevation to a gMt subterranean movement, they a^e also 
found, and are especially frequent in those places which hav« 
suffered from intense physical convulsions. ^ 

These facto are sufficient to prove that thettnal t/pntip 
are produced bv the volcanic cause ; and it is singular that, m 
proportion to me extension of geological knowledge, observ- 
ers have been convinced of tm umveraality of the volcanic 
force. There are some Writers who^eem to rest the proof 
of the volcanic oriffin of hot springs tipen the effiscM whieh 
are produced on tfieni by erufrtion *, but this appears totta 
much less conclusive than that deduced from their positiobf 
since it often happens that cold springs, not supposed to bo 
connected wi!^ the subterranean agetit,«re equally affectCNi. 

There has been some 'dispute among Mok^ists as t9 tiio 
origin of the hot springs in England, it' n trtie that wo 
Iwve no burning mountains, ntit are we spcfcftators of thoie 
scenes of devastation which ei^afly pretail in tropical and 
in polar dimes, amid the frftten r0C«isses of Iceland and in 
the pleasinit phices of Italy. But it must not on this accotmt 
be said that the volcanic agent dees not emst beneath tt« 
-ffoeks df our own «s well as other countries, for there mfjjr 
«bto in one phMis oauses tendi^ to ezcito eetivity, and in 
" — ^^ ^iWtoh vMnin 5, »o tlM fa «m diittitotti 
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nij ipnad tetnietioii and the efemenU of chu^ and m 
•nother WMta iU eneigiet upon the 'stceanui which babble 
Irom tho boweb of the eairth to heel the dieeaaea and minta- 
ter to the infirmitiea of man. 

Admitting that Tolcanoea, earthquakes, aad thermal spring 
and, we might add, gaaeoaa ezhalatioaa, derive their being 
from the aame eaifte, we must next inquire into the natnvo 
of that eaiiae, aad endeavour to show the influence which it 
haa had in the arrangement of rocka. 

THK0BIK8 or VOLCANIC ACTIVITY. 

AH persona agree that great internal heat is the principal 
.canae of volcanic activity, but there is a difference of opimoa 
as to the means bv which that heat is produced. It is n 
matter of doubt whether we have sufficient data to give an 
appearance of certainty to any particular theory, and Uiia haa 
given the student liberty to form a theory for himself, or to 
modify that which pleases him best. . The pages of our 
scientific journals and works on volcanoes are therefore 
crowded with new theories of volcanic action, all of which 
have found aome defenders. We might have passed over a 
subject upon which there is so great a difference of opinion ; 
but as there is no probability of ascertaining truth while the 
mind indulges error, there may be some advantage^ in expo- 
sing &lse opinions, and in breaking the fetters which prevent 
the intellect from healthy and vigorous activity. We shall 
therefore enumerate a few of the theories which have, at 
various times, engaged the attention of the learned, and 
atate aome of our objections to those 'which may appear the 
most plausible. 

There is reason to believe that much of ancient fable de- 
rived ita origin from an erroneous estimate of natural phe- 
nomena. The history of astronomy, affords abundant evi- 
dence of this atatement ; and we beheve that in every coon- 
try, where an idolatrous or superstitious population have been 
accustomed to the sisht of volcanic phenomena, they have 
invariabfy ascribed lihem to occult deified agency. The 
Sgvptians attributed all phyaidal evil to the demon Typhon, 
And the Gfeeka» who adopted the science and supersutiona 
of the Egyptians, have evidently svmbolized the volcanic 
phenomena m their descriptioii of this personage. Typhon, 
tbegr M na, w«a e^ giant jnQre^yowigKfiil t]i«n«a tb« chU4i«i 
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of Earth ; h» head reached to the ttan, and his i 
ced the rising aiid the setting sun. With his hands he 
hurled the rocks to the highest heaTens ; fire gleamed from 
his eyes, and liquid fire boiled in his mouth. Ho is said to 
have been born in Cilicia, which is known to be a volcanic 
district ; and having, shortly after his birth, frightened the 
gods from heaven, he was pursued by Jupiter to the borders 
of the lake Seibonis, anotoer volcanic dislrict, and was at 
last imprisoned in the Island of Sicilv, where he still con- 
tinues to rave, shaking the earth with his groans, and eject- 
ingliquid fiie. 

The philosophical opinion of the ancient Greeks and Ro- 
mans, if such we mav call it, as standing in opposition to • 
the fable by which the unmitiated were imposed upon, is- 
stated by the Roman poet Lucretius, in his De Rerutn Na^ 
htfrd. Volcanoes were supposed- to derive their origin from 
the conversion of the air confined in the cavities 4>f &e earth 
into violent winds by heat, which, generating an increased 
temperature, inflamed the combustible bodies contained in 
the bowels of the earth. 

This theory is nothing more philosophical than the popu- 
lar fable, and far less poetical. But it is not surprising tnat 
such a theory as this obtained currency among the ancients, - 
for they were almost entirely iffuorant of those facts upon 
which an explanation must be rounded, and indeed of many 
of the effects of the causes they sought. The phenomena 
which accompany eruption preventing a direct examination 
of the cause, opinions most be formed firom the circumstan- 
ces under which the effect is produced, the extent of the in- 
fluence, and the character ot the ejected mass. With all 
these the ancients were unacquainted, and even our own 
knowledge is inferior to our opportunities. 

Werner was among the first of tho ([eologists who ven- 
tured to propose a theory of volcanic action. He attributed 
eruption to me ignition of coal and other inflammable substan- 
ces ; and, in support of this hypothesis, Paltas states, that the * 
ejection of mud by the cones near the Cimmerian Bospho- 
roB was occasioDed by the combustion of the coal measures. 
Briestak proposed to improve the theory, by attributing 
Tolcaqic poenomena to the ignition of petroliom by sulphuric 
and phosphoric acids ; and, m support of his theory, adducee 
tl)0 presmee of these snbstanees in Uv». As it would be 
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tstlwptMMit day toftid an adfoeate fer ekhier of ^ 

thM« thMriWi «« abtll not attmnpt to show how inadeqiiate 

nan tar tk«)OXplnia«ioii of ▼oleanie phonomona. 
aangolar theory} and ono whkh has a much mater ap- 
paaranoo of prdhabdi^ than eithor of thoao we naTo men* 
tioned, waa nrapoaed by Sir Hampbrey Davy. After the dia- 
csvenr o§ the metallic baaea of the earths and alkalia, ho 
waa- indoeed to uaagine tbaft the earth itaelf mtffht perhape 
haTabeen oiigaaaiy a i^obto of metallic alloy. Now» if thia 
bad been the primitiro condition of oar world, the^ combfaia- 
tion of the oiygen of the atmosphere with the metals woold, 
bo mpi hvn &nl«d aromat of earthy matter as a sopei&sial 
covenng, the interior still remaining a deoxydised metallie 
saaai If water sbonid, by penetrating thnnigh th» cnat, 
laach this metallie maaa, a cliymical action would be inun^ 



diatelyprodaoed': the ormn of the water, havinff a groat 
aAnity for the metal, would be disengaged from the hydro* 
gan» and a metallic ozyde wogld be formed. Thii -cfa^rmioal 
notion wooldcaose the disengagement of caloric sufficient to 
melt the surrounding rocks, while the disengaged hydrogen 
gaa wvold; eiertinff its- influence as a confined elastic fltid, 
iMiid the rocko, and barat into a flame upon exposure to the 
•ii. There is oertainly a great degree of plausibility about 
thia bypoihasis^ and it it not altogeSier unpnilesophieal ; bnt 
ISknry waa; from aoone eause^ ii^Oced to renounce it, and 
giT» pseferenee to an esqilanation founded on the doctrine* 
of caotoai heat Dr. Daubeny, who has adopted DavVs die^ 
caaded child^ suggests that it is not inconsistent with what 
we know of DaTy'e character, to suppose that he acquired a 
diatasU fbr tho theory in question, when he found it an ob- 
ject of admoation among an humbler class of inquirers. This 
oboenration may be. correet; but perhaps a better leaaon 
may be given for. Davy's want of confidence in his own 
tbsoxy. 

We hafve drea£^ expressed, tfaraagfa another ohaanel, aat 
objections to* the theory in question, and we oanMit now do 
more than repeat those objections, and quote the answer 
which Dr. Daubeny faasr given ; but, at the same time, we 
would take an opportunity of steting, that our remarka at*' 
made with a consciousness of the high preteosiona o^ the 
doctor, both as a scholar and an observer. 

T«^ adaasaions am required by tbi* Oieoiy, «id to iia> 
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Huj appear to draw largely tippn the faith of the reader* 
We nmst first admit the existence of a deoxydised metallie 
nucleos, and its inflammability, or at once giye up l^e theory. 
It is possible that die inteirior of the earth consists of 
metallic alloys, though there is as much reason tobelievethat 
it is composed of almost any other substance ; but we will 
grant, for the sake of the argument, that the earth beneath its 
superficial coyering consists of metals, for it is only a matter 
of opinion, and we may imagine it one substance as well as 
another. We are next required to admit that this metallie 
nucleus is of such a character as to suffer oxydisatioil by the 
msence of water, the hydrogen being liberated and ignited. 
To determine the nature of the metallic nucleus, we must 
examine the character of the lava that is ejected, or the 
earths composing the crust of our globe, which are supposed 
by the theory to hare been, at some former period, a part of 
the -metallic nucleus. Dr. Daubeny accurately states that 
silica, alumina, lime, and iron, are the chief ingredients of 
volcanic products. The metallic alloy, therefore, must be 
composed of silicon, aluminium, calcium, and iron. Now, 
of all electro-positive substances, silicon is the most incom- 
bustible ; it may be made white-hot in the open air^t without 
evincing any tendency to bum ; and, so far from decompo- 
sing water at oommon temperatures, it may be boiled in- that 
fluid. There is every reason to believe that silicon is not a 
metal, but has a closer resemblance to carbon, a non-metallie' 
substance; but, however this may be, it is so far from alloy- 
inff with the metals, that it has no tendency to unite with 
other bodies, except when in la nascent state, or when double 
affinities are exerted. We cannot help remarking, tiiat it 
was only a short time after Beizelins had discovered the 
properties of silicon, that Davy renounced his theory. A 
consideration of the properties of aluminium is equally fatal 
to the theory ; for it sustains no visible alteration by long 
boiling in water, even when in the state of fine powder, and 
oxydiset only when raised to a red heat. Of calcium and 
iron we need not speak; the former is only an imaginary 
substance, and the properties of iron are too well known to 
Te4iiire a remark. 

That any compound of these substances should fulfil the 
conditions required in the theory, is, we think, utterly impos- 
It is true that metallic allmrs ate more' oxydiMbl« 
Dd» ^ 



tl# IHtMUOm OP THB lAETH. 

tlMa pun OMtak; batm hvf givMi « mmmi for tii» npfc 
|Ki>ition dwt, if th* ■obttinei of which «« hftre 
w«r» wiaCMit in a dooifdimA tUia, it would not bo 
with ooch othor. If it could bo imogmod thot tho o 



oiignuiUj o boll of potoooinm, tho thoory mi^ thon bo map^ 
pjKtod ; for tbo doeompotition of wator and the baming o£ 
uitaMMurottod hydrcMon nugbt bo oiypoood to mimie tho ok» 
witiono of Etna, if not of Toaboro. But, m tho oomttto*^ 
owt olooBonta of lava ovinco no tmidoncy to act agr ooo b ly t» 
our ftyiioitionffi wo moat ronoonoo tho tboory» nnlooo wo: 
ean< mvo tho tolMtaiKiea imagioaij proportioo. No <mm 
woula bf lod to think of a volcanie oruptum from tho ofioot 
of wator on a cold cannon«^ot ; yot tho ohymioal aetioo ioi 
aa otroog. in thii ezporimont at it would be if the water woi» 
acting Hfipn the doozydiaed noeleue of the earth. Irao im 
mnoh more readily ozydiied than the baaoe of ailica and aht*^ 
aina ; for in a apongy atate it will decompoao water* and bo« 
come redhot on being ezpoaed to the air at eoounon ton^ieiw 
atnrea. We are therefore joatified in atating, that we maU 
aaaoon leooivo Southey'a aaaertion, that the atoMwphfln of 
Ii^aium and tho Fortunate lalanda oonaiata of tho protozydo. 
of nitrogen, aa thia theory for an explanation oi Tolciuae 



It ia but juat to thoee who may anpoort tba theory wio 
hoTO attempted to diajirovo, that we ahowd inaert Dr. Daubop 
iqr'a reply to our objeetiona } but We ahaU take aoolhor oi^mw. 
inmtf of ozpreaatng thoee opiniona which thia reply hao 
euggeated. 

<« It haa been alleged," aaya the doctor, <* thai tho two. 
pnncipal eonatituenta of laT% namely, the baeea of aUiea and 
abuainat are not highly inflammable. Silioon, when perfectty. 
pure, roaiata a white heat without uniting* with oiygen, and 
alnmininm may bo boiled in water without dooon^oaing ife, 
But. in the iiat placo,. it ia rare to meet with tbaao ozjdeo^ 
without finding them aeoompani^ either with limo or an air 
kali, and tho baaia of the fonner^ wie have reaeon, from I>a» 
v/a ezperimenta, to believe» ie highly inflammaUo ; tho la^ 
tor we MDOw to be ao. r 

<• Secondly, ailicon kindloa readily if united with a litHo 
fayd^gen, or with carbonate of aoda : and iduninhim, oTeh 
by i|a^ buma brilliantly when heated to redneaa, and dio» 
a^yea with thu ouohitipii of hfin^frnk^ in vttydilstaaaiotiMi 
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*< There if, tfaerefore, no difficulty in imagining the com* 
buatitm to. be kept up by meens of tiliton and ahiminium, 
when once it has commenced, by the action of water upon 
the potasaium, sodium,' or calcium present." 

If this answer to our objections were as conclusive as it i» 
undecided, imperfect, and objectionable, we might add, as'tf 
farther reason for our dissent, that many arguments might he- 
gathered from the invasion it* makes upon the laws which* 
would govern the arrangement of a metallic nucleus ; ther 
improbability of water reaching it ; the uncertiunty whether 
atmospheric w could reach it ; and the doubt whether any^ 
ehymical action would be developed under great pressures ; — 
each of these might, and the sura of them would, lead us t<^ 
the conclusion that the theory is doubtful, if not visionary. 

Dr. Daabeny makes an a^irable and comprehensive clas- 
sification of the theories of vdcanic action, when he says^ 
'* the theories which have been propounded with the view of' 
aooounting for the existence of volcanic action, may be di» 
vided into two cla ss e s t hose which assume some cnymical- 
process, of which the heat is merely an effect ; and those- 
which, assuming the existence of the heat, deduce the other- 
phenomena from its presence." We have explained the 
only theory worthy our attention, belonging to that class 
which assumes the existence of heat as an effect of the vol* 
canic cause, and most now refer to the arguments by which 
those who maintain the primordial agency of heat defend* 
their opinions. 

That the. earth's interior has a mueh higher temperature 
than its surface, has long been a prominent feature in geo- 
logical hypotheses. But cosmogonists and theorists Mve 
not been satisfied with assuming t present condition, but 
have stoutly) asserted the igneous fluidity of the primitive 
earth. It has been sometimea stated diat the earth is a frag- 
ment of a body that was, at the time of partition, in a state- 
of fusion ; and this being assumed, its form may be veadily^ 
tMced to the diurnal revolution it is known to have. Sir 
William Herschel seems to have been enticed from his prac- 
ticid studies by a theory not less ftscinating. This cele- 
brated astronomer believed the eanh to have J>een, at some* 
past, period, a nxass of vapour, and. attributes its present formr 
to the condensation of the elastic fiuid, an intense heat bein^ 
jipwen «itt dnring the. praoe» of nconstractiitt. It ia «»% 
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how«T«r» Butf to oomprehend either the phfloeophy of, or the 
MceMity for, these tMoiies, as there can be no reason why 
the Ahnigbtf fiat should not have called the earth into ex- 
istence as an independent solid body* withoot the cnmbeF- 
•ome maehineiy with which some pnilosophers seem to be 
so BUich delighted. . Bat with snch tpecalations we do not 
•t present concern oorseWes, as they cannot goide to aa 
BC<^aaintance with the canae of the phenomena already ex* 
plamed. It is soffieient to know that the interior heat does 
HMvease with the depth, a fact proved by a yariety of ex> 
periraents, and doubted only by those who wish to disbelieye it 

The earth is a reaenroir of heat ; and this agent exists 
with an intensity snfficient to produce the phenomena ever 
attending volcanoes, earthquake, and thermal springs. From 
the known effiBcts of condensation, an increasing internal heat 
may be deduced, so that theory in this mstance is confirmed 
by Acts. There may be a modification beyond a certain 
depth in the ratio of increased temperature ; but should fo- 
tore experiments establish the aumentictty of this supposi- 
tion, many obiections now made to the theory, with what show 
of truth iaA honesty we do not say, wfll be effectually an- 
awered. 

Thoso who differ in theoretical opinions too often imagine 
their theories to be diametrically opposed ; but, when truth' 
shall be dbcovered, it may be found that none of the causes 
laalously advocsted by parties could of themselves 'produce 
the effects they are now supposed to explain. It is more 
then possible that neither internal heat, chymical action, nor 
electrical currents, could alone produce the volcanic phenom- 
«na ; but, acting together, and they are known to be in some 
dogree dependant on each other, they may give birth to all 
the violent disturbances that agitate the surface of the earth 

We have now attempted to explain the most important 
^ts and theories in relation to the interior of the earth. It 
is not to be denied that there is much uncertainty and error 
in many of the speculations indulged and defended by the 
geologists of the present day, or that more extensive investi- 
gations will disabuse their minds of the fallacies resulting 
from an imperfect view of nature. The human mind may be 
admirably adapted to deduce principles from the information 
communicated by the senses, but if that information be inac- 
curate or partial it wiU produce arrapesfos principles. A 
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Tsritfty of circamstancct mayprerent the accurate perception 
of truth, bat especially prejudice, and a partial view of facta. 
T%eae are even in the present da3f sources of error, for they 
•till govern to some extent thn reasoning of scientific men. 
We wonld not, therefore, force our opinions upon the reader, 
M though they were capable of the same rigid demonstra* 
tibn as a geometrical problem ; we would rather have them 
considered as elements of thought than as dogmatical con* 
elosions/ 

In the examination of the facts advanced in this chapter, 
there are two things which appear to us particularly evident, 
written, as it were, upon the face of evoiy stratum that forms 
» pert of the earth's crust ; first, that a series of causes have« 
a^ted in the production of rocks, differing from each other 
either in eharacter, extent, or intensity ; and secondly, thai 
the condition of these rocks gives evidence of the existence 
of more violent igneous agents than are now in operation. 

1. The beds forming the crust of the earth being <distiii» 
Ifoished- from each other by mechanical and chymical compo* 
MtioD, and each bed or suite of beds being remarkable for 
sMne organic remain peculiar to itself, there is evidei^e of 
the existence of secondary causes from the period when these 
rocks were- formed ; and the variety of agents supposes an' 
interval of time between their seccesstve operations. To 
iinaffine thM a bed of sand and a bed of gravel could heve> 
resulted from the same physical force, or tmit there was not 
a perceptible interval of time between the deposition of a> 
Umestone, iti disturbance by internal ferees, and the form** 
tion of another bed upon the dislocated stratum, would effect 
as great an alteration in deductive reasoning as the volcanic 
force produced upon rocks. Great minds may be ffuilty of 
excessive folly in their elR»rt to support a favourite hypothe- 
sis, and do sometimes resort to arguments they would con- 
demn if employed by others. It has been maintained by 
some writers, who have had ample opportunities of examina- 
tion as well as of reading, that a contmuous series of causes, 
actmg within a very short- period of time, if not a single 
cause, produced all rocks, end occasioned all the disturbances 
under wbieb thejf have suffered. The Mosaic deh]||e> has 
been considered suAeieM, both in intensity and period, W 
account for all the*v«ried pHenomena to which we fafave ret- 
fttred. But this soppoMtUm ie opposed by iactt too evideiit 
U> be denied. 
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S. If ch« tntMMr of the earth hee a higher tempentuM 
ihaa ita eurfrcey there ia a probability that the ratio wms 
mater when the ancieiit rocka were in the jtrocMa of formn- 
tien than at the preaent uMMnent ; and thia ia deduced from 
the abnndaaoe of igneooa reefca, and the ^t that heat is dia- 
eipated b^ radiation. In eveiyage the volcanic force has 
been aotive, diatorting atnta, and ejecting among theia 
igneoae prodncta ; but it appeara to have been moat yiolent 
during the formation of the older rocka, a deduction that 
ooincidea with the anppoaition of a decreaaing aaperficial 
t — i p ei atttTd aa the reault of radiation. 

Bat whatever opiniona may be entertained after an ezanv- 
inatian oC the earth's craat, it will be universaUy admitted 
that the arrangement of the mineral maaaea is not fortuitoos, 
but the conaequence of the aame preordaining power that 
adapted all natural agenta to aid in aupporti^ life under 
pleasurable conditions. The son may ahine upon some, 
worlds with an energy equal or superior to that with which 
it faUs upon the earth, and it may diffuae over them the 
same viviljring raya ; bat if they are ao conaCituted aa to 
preaent a aurface iiwpt to the reception of the life-supporting 
agency, then the solar raya, ao far aa theae worlds are thus 
concerned, are uaeleaa. The earth ia so formed, that it is 
suited to receive such, influence from sunrounding causes aa 
is calculated to maintain life. It- should ever be remembered 
that man acknowledges the display of Divine wisdom in the 
creation, because he perceives that in all parte of the i 



dane aystem there ia an exact proportion betweea agenta and 
the aubetancea npon which th^ act. 



CHAPTER IX. 

LAND AKD WATIB. 



Thc aoper6cies of the earth is estimated at two hundred 
million Bntish square miles, and consists of land and water. 
Seven tenths of this surface are occupied by water, and % 
portion of the remaining three tentha ia actually beneath the 
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leTel of tbe ocean. A lar^e proportioii of the diy land i» 
situated in the northern hemisphere, the southern hemisphere 
presentinff a broad Aid ahnost uninterrapted surface ofwater» 
the Pacific Ocean itself being of greater extent than all tlie 
dry land on the surface of tie earth. Hmnboldt estimates 
the dry land between the tropics in the northern and sonthem 
hemispheres as being in the ratio of fiye to four, and witboiit 
the tropica as thirteen to one, the northern hemispheie being 
thegreater in both instances. 

Tbis relation between land and water has not, in all proba- 
bility, constantly existed. The loftiest elevation upon the 
surface of the globe may have been at some past period 
beneath the level of the ocean, and the agent which elevated 
it may act, at some future period, upon the bed of the present 
ocean, and, raising it to the same elevation, entirely change 
tiie relative distribution of land and water. If it be denied 
that the dry land has been once beneath the water, how can 
the presence of organic remains in rocks be accounted for ? 
It must not be supposed that the ancient shells found in 
rocks are merely distributed over their enrface, for they form 
an integral portion of the beds, and are so disseminated 
through them that the rocks and the shells must have been 
deposited at the same time But that which was the bed of 
the sea is now dry land, and consequently one of two things 
must haVe happened : either the dry land that then was 
sank beneath the level of the ancient basins and received 
their contents, or the bed of the sea was raised, and the 
waters rushed into the newly-formed valleys. There can be 
no doubt as to which of these two causes produced the 
present relative condition of land and water. Rocks have 
been violently tilted from a horizontal ta a highly inclined or 
-vertical position ; immense masses of igneous^ rocks have 
been ejected from the interior of the earth, and form, as it 
were, inmioveable walls, against which tbe disturbed strata 
are pil.ed in si;ccession. Some local results may be due to 
depression, but all the great movements to which the earth's 
crust has been subject may be traced to elevation. 

We need not refer to a very distant era, geologically cob- 
sidered, to find evidence of an alteration in the relations of 
land and water. The ancient beaches are among the most 
recent geological formations, and sive evidence of at least a 
ptitiali tbM^ by no JBouft liinitod^levataMii, aA(Brih» d«|^ 



894 ZkVD AIIB WA1SB. 

■itioa of the auMt neent taftnty de^iiw. On. th» Coi^iih 
coMt Umto are not many aaanplM ; but they^ra silfficieiitfT 
mimeroua to prove ihat it was tn oMny plaoes opbeaTed win 
the beaches that had been Ibmed by the washioj^ upof sheUs, 
pebbles, and other marine productions. Thevs is a good ex- 
ample at Plymooth, and another on the Dereaohire eoasty 
near Babbaeombei aiid also one on the opposite coast, in the 
Island of Portland. We know that some geologists are no- 
willing to admit that these ancient beaches were produced bf 
eleTation, bot it is really no objection to the *theofy that .they 
only occur in small masses here and there ; liar it may be 
easily admitted that the fraotores produced by the elevation 
Would tend to destroy the continuity of beds, and that the 
destroying Hgents whiefa have for ages einee that event been 
acting opon oor coasts, have, in all probability,'destroyed the 
greater portion of the' masses that remained as evidences of 
the event. There is reoson to betieve that these beaches 
were formed after the deposition of the crag, if we waaj 
attempt to determine the relative ages of rocks by the 
organic remains they contain, and that the Ibiee which do- 
vated them was one of the last dying throes of that intense 
volcanic power which had been long before rapidly expend* 
tag its energy, and is now so weakened -as to piodace«oai- 
parativelv small and always local efiects. 

But although the changes in the distribntion of land and 
water have; since the period when tho beaches were nisetf^ 
been e&cted by moderated agents, yet we know that caosea 
do exist by which districts once coversd with water are 
delivered up to man, wh^e, on the other hand, die see makee 
rapid encroachments upon that which has boen far eeatraafe 
hiv patrimony. The effieets of these cansea are produced sor 
skmly that they frequently pass unnoticed from genention 
to generation, and yet they are effecting • mighty dmages in 
the distribution of knd and trater ; and, if aufficiattt time be 
allowed, wiB ultimately give -a new chaiacter tor the pbyaieat 
i^ipearanee of the earth's sorihce. 

The subjects embvaoed in this chapter am tee eflCtoBsm, 
mid the space for discussion is too narrow, to^adioDit a detailed 
description of ths causes which are^now effecting an altera- 
tion in the distribotienof land and water; and it is .the Isoo 
neeessaiy, beeaose we have axamiflod the sakmet with; some 
-iMkvliii^iBcSW.'^AiphabotiM.a^hw^^ ^t 
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may not, iMmever, be improper to state the nature of tiioto 
causes, and to attempt an estimate of their effects. 

There is no physical agent too weak to assist in altering 
the relative distribation of land and water. The soft breezes 
which blow at evening from the boundless ocean, the gentle 
ahower which refreshes the thirsty earth, and even the heat 
and light which emanate from the great orb of day, haw 
some mfluence in carrying on that constant series of changes 
observed on every hand by the man who devotes himself to 
tiie investigation. It is a common error that the most vio* 
lent causes are the most destructive, and it would be scarcely 
admitted that rivers do more to chan^ the superficial appear* 
ance of the eardi than the devaetatmg volcano. Time and 
persevering activity effect more than casual impetuosity ; 
this is true in relation to mmd, and it is equally true when 
used in reference to those agents which act upon matter. 
The volcano whose periods of activity may be years or cen* 
turies apart, does, when roused, produce terrible effects upon 
the district in winch it is situated, but the river ripples along 
its course day after day, and is every hour bearing to somo 
distant sea a portion of the material it has collect^. 

There are lour agents remarkably active in the destruction 
and recomposition of rocks, — ^heat, air, water, and chymioal 
action ; and there are but two conservative principles, — ^vege* 
tation and cohesion. The agents of destruction frequently 
act in concert, and in many mstances, by continuance, effect 
the decomposition of rocks capable of resisting an instan- 
taneous e£K>rt of much more enersetic activity. Water wiU 
cut a path through the hardest rOck, and heat vriU reduce ita 
matenals to a state of fusion ; or the two agents may act 
together upon a bed whose particles have very sli^t cohe* 
■ion, but are bound by a luxuriant vegetation. A diff com- 
posed of clay, for instance, may be periodically attacked by 
the water of the ocean, and in the interval dried by solar 
heat. This constant change of conditicm soon breaks away 
mass after mass, in spite of the binding influence of vegeta-* 
tion. But, in order to trace the chaujges which are in progress, 
it is necessary to examine the subject under two aspects,— 
the destruction and the recomposition of rocks. 

Air and water act chymically and mechanically upon rocks. 
Both these elements, as they were called by the ancients, 
oecasionaUy contain caiboiutt addf which, together with tbi 
£• 
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mbitaiieet of which they connst, htt an effect in the dettrae- 
Uon of rocke, producing toch compoonds as have little or no 
cohesion, or are readily dissoWed in water. 

Air has a mechanical action upon rocks, especially when 
it contains a large quantity of water. The weathering of 
rocks, as this effect nas been called, ma^ be obserred more 
or less in all districts. Air, when in Tiolent motion, as ia 
harricanes, is a destroying asent of no common power, and 
even the mineral masses vanet under its terrific influence. 

Water is a more active agent ; for whether it passes over 
the surface of, or percolates through, strata, it carries away a 
portion of the bed itself. Wherever water is found, it is 
Mended with mineral substances, some of which it holds in 
chymical and some in mechanical solution. The amount of 
detritus formed by rivers will depend upon the velocity of the 
Btream, and the character of the deposite through which it 
passes. It has been frequently mentioned that rivers con- 
taining a large body of water do always carry down their 
courses an immense quantity of argillaceous matter, or de- 
posite it in their beds. But, to estimate the effects produced 
Dy water when in the condition of violent motion, the 
inquirer must examine the influence of impetuous mountain 
torrents and occasional floods. 

Heat is an important agent in the production of change in 
the superficial appearance of the earth, or, at least, of districts. 
That volcanoes, earthquakes, and thermal springs are due to 
internal heat, is admitted by all persons, though there is a dif- 
ference of opinion as to the cause of that heat. Volcanoes 
have their efliect in the ejection of liquefied rocks over dis- 
tricts of greater or less extent, and m the still wider distribu- 
tion ofpumice and scorin. Earthquakes act variously upon 
the surface, sometimes raising and sometimes depressing an 
island, a coast, or a country, and not unfrequenUy producinsr 
enormous fissures ; diverting rivers from their courses, a^ 
leaving stagnant lakes on the sites of fertile districts and noble 
cities. Thermal wrings deposite large quantities of lime and 
other minerals. This cause, however iiuidequate it may ap- 
pear for the production of extensive effecte, has probably m 
past ages ffiyen birth to depositee of immense thickness and 
extent, and is not an unimportant agent in the present day. 

In whatever district we make our inquiries, we discoter 
that some or all of these agenU are acting upon rocka, de« 



LAND AND WATER. 327 

itMying the continuity of their particles, and accunralatini; 
them in heaps, or distributing them over districts. But it 
will be necessaiy to inquire, what is the ultimate destination 
of this detritus ? is it suffered to remain upon the spots in 
which it is formed, or is it carried from these to some distant 
regions to form new compounds, and again io assist in the 
composition of mineral masses 1 

Water is the principal agent in the decomposition of the 
superficial earthy materials, and it has also the most impor- 
tant influence in the recomposition of the parts which are re- 
moved. Atmospheric causes, acting upon elevated districts 
and mountain chains, separate from rocks a portion of their 
mass in large fragments, and in minute decomposed particles ; 
but all these must remain upon the spots where they are proi* 
duced, if the}r were not subject to the action of moving water. 
By the melting of snow and the fall of rain a considejabla 
body of water is provided, and streams of larger or smaller 
extent rush down the sides of mountains, occasionaUy uni- 
ttng together and forming torrents which have a tremendous 
momentum. The loose and detached fragments are conse- 
quently carried down the mountains into the valleys, or 
rather into the rivers of which the mountain streams are the 
source. But the quantity is constantly increasinff ; for not 
only does ever^ auxiliary stream add something to the amount, 
but the water is everywhere acting upon the banks of the 
course it has made for itself, and extending its influence over 
the land. Rivers frequently form for themselves new beds, 
gradually cutting their viray through districts in which the 
water they contain can be equably distributed. We must, 
therefore, look for this detritus in the beds of rivers, and in 
the basins to which they flow. Lakes which receive the wa- 
ters of rivers are nearly all becoming less and less deep, in 
consequence of the earthy matter carried into them ; and, if 
the ocean be examined, immense banks of clay and sand will 
be discovered in it. Should any volcanic force, similar in 
intensity to those which have been, elevate these depositee, 
they would in a few years present an appearance in ev^ry 
way resembling some of those which now constitute the diy 
land. But, admitting that no such agent can ever act upon 
the crust of the earth, the gradual accumulation of these de- 
positee must ultimately affect the distribution of land and wa- 
ter, by causing ^e ocean to advance upon diftriots oncd dia- 
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taot from it, and the btnln and Bhoab of tlie oomb to vppamt 
M ifliiDds. It is OTident, then, that there is no stability m the 
lelative amount or position of land and water ; the present di»> 
tiibtttion has reanlted from a combination of canses that have 
acted from the beginning ; and it is constantly changing, 
though so slowly, ttiat the jperiod of a man's life is in many 
instances too short to produce an effect sufficiently extensiv* 
to be detected by sn acute observer. But causes do exist 
calculated to limit the destruction of rocks, and, more espe- 
eially, to prevent the casual distribotion of the mttsew fonned 
by the process of recompoeition. There is, in fact, reaaon to 
believe that, how rapidly soever the decomposition may go 
on, the position of masses in relation to the globe itself can- 
not greatly change, though the mateiiab may enter into new 
combinations, or form puts of masses of smaller or larger di> 



We may now p ro ce ed to examine, with a little more pais 
ticulaiity, the featurea which distinguish the present distnbo* 
tion of land and water. The greater portion of the land is in- 
cluded in two masses of coimderable extent, called conti- 
nents, and theae are separated by baains or valleys containinff 
water, called seaa. Here and there, smaller and detached 
portions of land are found, having a greater or less elevatioa 
above the level of the water, and these are denominated islands ; 
and so, also, small bodice oif water are in some placee surround- 
ed by land, and these are called lakee. Some geographers 
have considered Australia as a continent, while others have 
descr&ed it as an island ; if iMgnitude be the distinction be- 
tween continents and islands, it is difficult to say whether it 
ought to be considered as belonging to one or the other ; for 
it may be esteemed, with eonal propriety, the smallest of the 
eontinenU or the largeM of the islands. On account of its ev- 
ident connexion with the islands by which it is surrounded, it 
may, we thiiJc, be classed with that group which together 
iatm. an archipelago. 

If the outlme of the continents and islands were perfectly 
evcD, few other terms of distinction would be necessaiy ia 
l^ysical geography ; but this is not the case ; for the land in 
eveiywhere more or less indented, the indentations being 
either permsaently or occasionally occupied by water. When 
the ocean extends for a COnsideiahle distance into the inte- 
rior of an island or continent, and has, in proportion to other 
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uitemal bodiea of water, a considerable extent, it is called an 
inland sea ; such is the Adt Atic, the White Sea, or the Med- 
iterranean. When the surface of an inland body of water 
is less, and the opening by which it is connected with the 
ocean wider, it is called a gulf or bay ; and when still snuUl- 
er, and nearly surrounded by land, it is called a port, credc, 
or road, according to its extent. It will be evident that the 
names given to these masses of water depend upon their pro- 
portions in relation to each other, and the definitions must 
consequently appear exceedingly vague ; but it would be dif- 
ficult ^o give them a more accurate character, and they are 
l^erally adequate for practical purposes. The same remark 
applies to those small masses ot land which pioject into the 
ocean. A peninsula is a neck of land which enters the sea, 
and is connected with a continent or island by only a narrow 
surface. The smaller projections are called c^pes, promonto- 
ries, or points, according to their size. 

The surface of the land varies in elevation as well as in its 
horizontal form, and this circumstance produces the necessity 
of adopting other distinctive terms, and we have consequently 
mountains, hills, plains, and valleys, as descriptive of the va- 
rious elevations of the solid portions of the earth's surface. 
There are also terms to distinguish the circumstances under 
which water is sometimes found, such as springs, rivers, and 
cataracts. 

CONTINBNTS. 

The old continent, or world, as it is usually called, which 
comprehends- the three great divisions, Europe, Asia, and 
Africa, has a general direction from southwest to northeast ; 
but, excluding Africa, is nearly parallel to the equator. The 
new world, which ties in the^ western hemisphere, and in- 
cludes North and South America, lies in a nearly north and 
south direction. The longest line that can be dnwn across 
the old world would commence on the western coast of Afri- 
ca, near Cape Verde, and terminate on the shore of Behring's 
Strait, on the northeast coast of Asia, and would measure 
about eleven thousand miles. A similar line over the new 
world would have its direction from the Strait of Teira dd 
Fueffo to the arctic shore of North America; its length 
would be about nine thousand miles. 

. Th0 cqntinents have several features ii^ common, a fact 
£ eS 
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which MenM to rndkate that soom mhrenal affent wai ae* 
live in their Ibrmatioii. All the peninaulat, wiui the excep- 
tion of two, one in each world, nave a aontherly direction. 
The ozceptiona are the peninrala of Yucatan, in Mexico, and 
Jutland, in northwestern Europe. There ie alao a similaritf 
between the two great divisions, in the union of continents, 
and the manner in which that onion is completed. North 
and South America, forming the new world, are connected 
hj the Isthmus of ]>Krien. The old world maybe considered 
as though divided into two parts ; the western, ineluding Eu- 
rope 9oa Africa, the eastern, Asia and Australia ; the former 
are united by the Isthmus of Sues, and the latter by the 
idands of Java, Sumatra, and others, whioh form, as it were, 
m broken isthmus. In these particulars there is a fireat re- 
semblance between the old and new worlds ; but there are 
man^ points in which they ffreatly difier from each other, and 
particularly in the form of tneir coasts. The coasts of the 
old world, excepting Africa, which is singuUrly even, are 
deeply indented ; gulfr, bays, and inland seas, giving a con- 
stant character to every shore ; but, on the western lade of 
the new world, there is only one considerable inlet, the Gulf 
of California. 

MOUNTAINS. 

The elevations upon the surface of the earth are known as 
raountaios or hills. The distinction between these two 
classes is not so definite as might be desired ; for if we were 
to attempt an explanation of what is meant by a hill, we 
could only ssjr *n elevation less than a mountain. There is, 
in fact, no height at which the elevation ceases to be a hill 
and becomes a mountain ; the terms are reUtive, and^eveiy ob- 
server must decide for himself whether the one or the other 
idiould be employed. It is necessary to observe that a ois- 
tinction must be made between a plateau and a mountain. A 
plateau is an upland plain, and is senerallv situated in the 
tentre of a continent or island. In South America these 
plains are exceedingly numeroas, and have a considerable el- 
evation ; but as they are often quite level, the inhabitanta 
have not the slightest idea of their hei^t. The pUin which 
surrounds the mountain Antisana occupies a surfaco of twelve 
leagues, and is 13,461 feet above the level of the sea. 

Mountains present a great variety of foims '. soma are bold 



LAND AND WATER. 331 

tiid nigged, with vast precipitous projectioni that assome a 
highly Tomautic appearance } others are marked by a amooth- 
ness or tameneas of outline. Some appear aa though they 
had been formed by the heaping up of immense crystals con- 
fusedly upon each other, ai&d ethers as though they had been 
produced by the ejection of igneous rocks in a liquid state. 
These and other forms may 1^ traced to the e^stence and 
operation of geological causes. Mountains consisting of 
granite are generally lofty and rugged ; of gneiss, projecting, 
but less precipitous. Some of the hiffhest summits in the 
new world consist of old volcanic rocks ; — Chimborazo and 
Antisana are capped with vast masses of porphyry ; but the 
highest mountains of the old continent are composed of graa- 
ile. A geologist, accustomed to examine the primitive rocks, 
may often detect the presence of one or anotner by the ap- 
pearance of a district, in the same manner as a less expe- 
rienced observer would, by the form of the hills, convince 
himself, even at « diatance, of the presence of chalk. 

Mountains have always a greater declivity on one side than 
on others, and generally that which is nearest to the sea is the 
steepest. The Alps has a much more abrupt descent on the 
Italian than on the Swiss side ; the Hinuilaya mountains are 
steepest on the southwest, and the Elboors on that side nesf- 
eat the Caspian Sea ; and Mount Taurus, in Armenia, has its 
greatest descent on the north side, but near to the Mediterra- 
nean on the south. Ahnost every other mountain of consid- 
erable elevation will give evidence to the same fact. It ia 
Also worthy remark, that mountains are commonly most el- 
evated in the interior of the coun^es in which they occur, 
and gradually decrease in height as they approach the sea. 
There are, however, some exceptions, and there is a very re- 
markable one in the mountains of Spain, which, as they ap- 
proach the Boy of Biscay, increase in height ; so that Bilboa, 
a seaport, is actually surrounded bv mountains. 

A series of mountains, having toe same base, is called a 
chain ; thus we speak of the Uralian, Alpine, or Caucasian 
chain. But when these chains are united toother, they are 
called a ^stem ; the American mountaina, for instance, are 
spoken of generally as the system of the Andes. But some 
mountains are insulated, as are many of those in China and 
in Iceland, and also the rock of Gibraltar. Terms do not al- 
ways have the same oonfined acceptation in ictence na they 
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^itmld if emplo y d m u im m on om^ mai tihis fifqiMwIlj loMb 
the itwlmit into error. A duuo of noantaiM does not iieee«- 
nrily mean a aeries of eievmtioDS sitasted in the same line ; 
■ome chains have this ananf|ement» as the CoidiUens dee 
Aodea ; but the term is sfiphed te a iminber of monntaiBS 
thrown off from a common cenlw in dilliMnQt directione, or 
to the inferior ranges which often bianch in grenft numbei m 
from an elevated central district. 

We most now close our remaiks nfion menntamsy with n 
short and general outline of the impertant diaoo'veriee made 
fay M. Elie de Beanmont. In the last cli8|ilar an nttenpt 
was made to ez|ilain the manner in wUch g eo log ists deter- 
mine the sge of rocka, and the periods when tbej suflw ed 
distoihsnce. M. Beanmont has adopted the aame meena to 
discorer the periods when monntaina were elerated; and from 
his obserrations he has deduced some principles which are 
worUij the closest examination of the geographer and ge- 
ologist. It may require a considerahle period of time to 
determine how far we maj receire aome of his deductions, 
but there are others which are now snsceptA>le of a dmnon- 
stration as rigid as many acknowledjged seoiogical ptinc^les. 
There are four atatements upon which a& M. de Beaumont's 
tiieoretical opinions are founaed. The statenienta thems^Tes 
may be considered theoretical by some writen ; hot, if they 
are so, they are supported by evidence much stronger than 
that upon which theories are usually built. 

1. There have been, firom the earliest geological era, long 
periods of compaiitive repose, during which rocks have been 
formed by aqueous causes, in the same manner as they are in 
the present day. 

2. These periods have been disturbed by intervale of vio- 
lent paroxysmal acti«>n, and at such times mountains have 
been elevated. 

8. All the mountains formed during the same interval, in 
whatever part of the world they may be situated, have the 
same direction — ^that is to say, they are parallel to each other 
within a few degrees of the compass. 

4. Chains produced at different' times have diffisrent direc- 
tions. 

There are few if any geologists in the present day who will 
deny the first proposition, that the aqueous rocks of the earth's 
crust were produced by causes resemblii^ those which- an 
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BOW imtnimental in formng simflar depositei. But there if 
not so great a ananimity of ofHiiion concerning the second 
statement, for it has been maintained that no such intenrais 
have occurred ; but that strata have been occasionaUy dis- 
turbed by forces equal and similar to the Tolcanic force of the 
present day, and that a serfes of these produced mountains. 

Mr. Lyell is one of those who differ firom M. Beaumont on 
this fubiect, but the terms of his objection do not appear to 
us so sound as might be expected from a |y^.oioffist of so much 
acuteness and research. ** The geologist/' he says, ** who 
assumes that continents and mountain chains Mye been 
heaved up suddenly by paroxysmal violence, may be consid- 
ered as pledging himself to the opinion that the accumulated 
effects of orainary volcanic forces could never, in any series 
of years, produce appearances such as we witness in the 
earth's crust. Time, and the progress of science, can on^ 
decide whether such an assumption is warranted, or whether, 
on the contrary, it does not spring from two sources of prej- 
udice ; first, the difficulty of conceiving the aggregate results 
of a great number of minor convulsions ; secondly, the habit 
of viewing geological phenomena without any desire to ex- 
plain them as the effects of moderate forces, such as we know 
to act, instead of that intense degree of energy, the occa- 
sional development of which, however possible, is entirely 
conjectural." 

Tliere are many geologists who have confessed their con- 
Tietion that the volcanic force, as exhibited in its eflbcts at 
the present time, could not have produced such appearan- 
ces as we discover in the earth's crust; and by so doing 
they pledge themselves to hold that opinion until they are 
convinced that it is erroneous. If their opinion be founded 
on an assumption, it cannot be more violent than that admit** 
ted by Mr. Lyell, and those who agree with him. But Mr. 
Lyell attempts to account for the opinions of those who have 
upon this subject arrived at a conclusion opposed to his own. 
As one reason, he states, that we have ** the habit of view- 
ing ffeological phenomena, without any desire to explain them 
as the effects of moderate forces, such as we know to act." 
If this be the cause of our peculiar opinions in this matter, it 
is a better evidence of their accuracy than of their falsehood ; 
and if Mr. Lyell and his followers desired to come to the con- 
clusion they hold, we are not surprised that they have ob> 
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teined tfadr wisIl The other reason mtiSgtmA ftr <«r eon* 
clDsiom is the difficulty we have foond ^ m ccnceiriBg tlw 
aggregate results of a great munber of mioof reiikitkms.'* 
In this there may be a sugfat mistake, for we may have riio^tlgr' 
conceived the effects that would be produced hf a nombtf* 
of minor reyolntions, but that conception may not agree with 
the one formed by ear opponents. To defend tfie supposition 
that the moantain ehnns ^vere elevated by a paiozyamal 
force rather thf n a itories of minor convnlsions, would lemi 
OS to a series of trguments which must be extended to ft 
much greater length than our now limited space would admit ; 
and it would be necessary for those who maintain an oppo» 
site opinion, to state, first of all, whether the series of m«es 
mentioned by thnn bad at all timea the aame degree of inten- 
sity, or were in this particular as Tariable as at the present 
moment. 

Mr. Lyell, however, gives, in another part of his **Princi* 
pAes of Geology," a more definite view of his objections to 
beamnont^s theoiy. Ib deteimining the period of a disturb- 
ance or an elevation, it is of coarse only possible to state 
that it happened during an interval anterior to one event, and 
posterior to another, and that interval may have been an in^ 
stant or a protracted period of time. Mr. Lyell assumes^ 
that the periods of revohitieB were of considerable duration, 
and that successive operations of the volcanic force produced 
the mountain chains. This opinion is evidently maintained 
as consistent with his theoretical opinions in geneiol ; for, in 
another plsce, he says — ^ before we can reasonably attribute 
extraordmary energy to any known canse, we must be «ure 
that its usupil force would be ittadM}uate, thou^ exerted for 
indefinite ages, to produce the effects required." This ihigbt 
be done, we think, by comparing the present condition of 
rocks forming mountains with what might be supposed to re- 
sult from a long-continued operation of a cause not more vio- 
lent than that which is now active. But this is more than 
can be required of those who believe continents and moun- 
tain chains to have been produced by a sudden paroxysmal 
force. It is sufficient to know that the volcanic cause has 
not, within the period of history, produced any effect that 
bears an analogy to those of which we have been speaking ; for 
it has only produced a few isolated cone«, and in one or two 
instances raised a district to an in^^gnifi^»^^nt height. Con^ 
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ptPB «n thftt has been effected by Tolcanic force* since tbe 
cummeucement of this era, or what they may be expected to 
4o if that era b# extended for thousands of ages to comei with 
Uis meanest mountain chain, and th^n say whether the ordi- 
nary volcanic forces, actiiig for any series of years, could have 
produced them. 

Th(» other tfutements made by M. de Beaumont, that chains 
elevated at the same period have the same direction, and that 
chains of different ages are not parallel, must be submitted to 
the test of very extensive and accurate observations. 

We may close these remarks with an extract from M. de 
Beaumont's own paper on the subject. ** The fact of a gwk- 
era! uniformity m the direction of all the beds upheaved at the 
same epoch, and consequently in the crests formed by these 
beds, is perhaps as importsnt in the studjr of mountains as 
the independence of successive formations is in the study of 
superimposed beds. The sudden change of direction in pas- 
sing from one group to another, has permitted European 
mountains to be divided into a certain number of distinct sys- 
tems, which penetrate and aometimes cross each other with- 
out becoming confiranded. I have recognised from various 
examples, of which tbe number now amounts to twelve, that 
there is a coincidence between the sudden changes establish- 
ed by the lines of demarcation observed^ in certain consecu- 
tive stages of the sedimentary rodca, and the elevation of the 
beds of the same number of mountain systems. 

** Pursuing the subject as far as my means of observation 
and induction will permit, it has appeared to me that the dif- 
ferent systems, at least those w^ch are at the same time the 
most striking and recent, are composed of a certain number 
of small chams, ranged parallel to the demi-cirownference of 
the surface of the globe, and occupying a zone of much greater 
length and breadth, and of which the lencth embraces a con- 
siderable fraction of on^ of the great circles of the terrestrial 
sphere. It may be observed respecting the hypothesis of 
each of these mountain-systems being the product of a sin^e 
epoch of dislocation, that it is easier geometrically to conceive 
the manner in which the solid crust of the globe may be ele- 
vated into ridees along a considerable portion of one of its 
great circles, tnan that a similar effect may have been produ- 
ced in a more restricted space. 

** How well soever it may be established by facts» th0.«o» 
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MmbbM of which eonttitates pontiTe geologf, that ihe rap* 
face oTtho globe has presontea a long series of tianqnil pe* 
liods, eaeh separated from that which followed it by a sudden 



and Tiolent conynlsion, in which a portion of the earth's crust 
was dislocated — ^that, in a word, tais surface was ridged at 
interrals in different directions — the mind would not rest sat- 
isfied, if it did not pereetre, among those causes now in ac- 
tion, an element fitted from time to time to produce disturb- 
anoea different from the odinaiy march of the phenomena 
which we now obserre. 

** The idea of Tolcanic action naturally presents itself* 
when we aearch, in the existing state of things, for a term of 
comparison with these great phenomena. They neyertheles* 
do not ^pear susceptible of being referred to volcanic action, 
unless we define it with M. Humboldt, as being the influence 
«xerciM»d by the interior of a planet on its exterior covering, 
during its different stages of refrigeration.*' 

Having explained the iqypearance and origin of mountains, 
it would be necessary to refer to the probable formation of 
valleys, had we not already made some remarks upon this 
subject. Valleys have been produced in two ways, by an 
elevation and by denudation ; the former being generally the 
deeper and the more precipitous. The spaces occupied by the 
ocean are, in fact, valleys, and the continents are but moun- 
tain chains. The sea, however, has not a uniform depth, 
but its basin is diversified by elevations and depressions in the 
same manner as the dry lands. 

Valleys which separate high mountains are usually long 
and narrow, having neouently their salient and re-entrant an- 
gles so perfectly formed, that the sides would correspond if 
brought together. Instances of this have been observed in 
both the Alps and the Pyrenees. 

OAVKftlTS. 

There may be sometimes a difficulty in explaining the oii- 
gm of those fissures and cavities which so frequently intersect 
strata, and are especially numerous in mountainous countries, 
and in fimestone rocks. They may, however, be usually 
traced to the sinking or elevation of strata by volcanic forces, 
or to the action of water. Some singular theories have been 
proposed to account for the formation of caverns, and we re* 
member one that assumes their elevation by the expulsion 
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of gfttes given off by dead bodiet buried in the ttnta. Car* 
ems generally consist of a series of galleries and apartmentsv 
to which the first open space ia but the Testibule. Rivers 
take their rise in some caverns, and in others they are lost 
But this is not the only proof of the existence of subterra^ 
nean waters, for we are assured of the fact by the phenom- 
ena which attend the activity of the volcanic force, by 
spin^, and other a]^)earances. It is stated by a traveller, 
that m some of the caverns of Norway, the roar of the sub- 
terranean torrents may be heard as they bound along their 
contracted channels, beneath the floor of their gloomy reces- 
ses. A rivulet flows through the Peak Cavern, in Derby- 
shire. The entrance to this beautiful cave is a deep depre»- 
sed lurch, 120 feet wide, and 40 feet high ; the cave itself is 
about 800 yards in length. From some caverns, that of 
Mount Eoto, near Turin, for example, an intensely cold 
wind proceeds, and others give out malignant vapours. The 
roofs of some are covered with stalactites, pendent masses 
of calcareous matter, presenting singularly fantastic forms. 
The grotto of Antiparos, situated in an island of the same 
name, one of the Cyclades, has been long celebrated for the 
variety and beauty of the incrustations which cover its ceiW 
ing, walls, and floors. 

SPKINGS. 

Springs, which ^quentl^ give birth to rivers and lakep, 
U8 tbttiM in nearlv all districts. There is no class of natu- 
ral qypearaoces that presents more varied and interesting 
phenomena, and few that more deserve the attention of the 
geogr^er. Springs which are constantly flowing, without 
•ay apparent diminution of quantity,, are called perennial ; 
others are called periodical springs. An intermitting spring 
is one tiiat flows at fixed intervals, such as that at Como, in 
Italy, described by Pliny, which rises and falls eveiy hour ; 
and that at Colmars, in Provence, which rises eight times 
IB an hoar. There are also some spouting eprings, such ts 
those of keland, which rise to a graat hei|^, and the phe- 
nomenon is proluMy produced by the M or pressure of the 
water contamed in a reservoir at a cMiaiderable elevation 
alove the apeiture from which the water is thrown. Maiqr 
apriaga art undonbtedly connected with the tea, £nr they rise 
Ff 
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and M with it : this is the case with neady aQ thoae w 
Oreenland. 

If we turn frooi modern to ancient records, stiU more re* 
markable statements in relation to springs will be discovered, 
bot there are few of them that command belief. The Greeks, 
whose warm and vivid imaginations gathered flowers of inex- 
pressible beauty from every portion of nature, with whkk 
&ncy wrouffht a garb to cover ignorance, were never weary 
of tracinf the history of their fountains, and the deities who 
presided over them. There wwe some springs that caused 
death, some leprosy, and some gave the power of prophecy : 
obUvion was the result of tasting the waters of some, and the 
mystic stream of Arethusa gave beauty. The man who has 
devoted any time to the perusal of the writers of antiquity, 
and stored his mind with the fable and imagery which ffive 
life and energy to all their descriptions, can hardly fail, when 
he thinks of the natural appearances that prompted them, to 
recall to mind the imqpressions which the first perusal could not 
fell to produce. 

No one theory is sufficient to account for all the singular 
i^pearances presented by springs, though it is probable that 
some one cause is more active than others, and may be the 
general agent, while others modify its results. Some per- 
sons have attributed springs to the passage of water from the 
sea along subterranean channels into elevated natural reser- 
voirs. But as water cannot ascend above its level, this the- 
ory cannot account for any of those springs which are situa- 
ted above the level of the ocean, and consequently the doc- 
trine of capillary attraction has been called in to aid the hy- 
pothesis. It is well known that water will ascend small tubes 
and threads to a considerable height above its ordinary eleva- 
tion, and it has been supposed thst such forms may exist in 
the interior of the earth, and the water be thus raised aboTe 
its level. But this theory cannot assist the speculator, be- 
cause a liquid does not flow through a capillary tube, though it 
may be raised in it beyond the ordinary level. There is no 
doubt, that many springs have their reservoirs at an immense 
depth below the surfece of the ground from which the water 
is thrown ; and it is more than possible that the water may 
be raised by the pressure of confined vapours, which, strug- 
gling for enhugement, force it through the fissures connected 
with its reserv(»rs. Dr. Button attributes springs to the per* 
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eolation of watdr throagh rocks into natural ciBtemi, from 
which it is discharged at a level lower than that of its col- 
lected Tolume. There are many perennial springs in moun- 
tainoQs re^ons, and there is, perhaps, no other theory than 
this that will account for them. The fall of rain, and the 
melting of snow upon the summits of mountains, produce a 
considerable body of watev, part of which penetrates the per- 
meable strata, and is thrown again to the surface at a lower 
elevation along some fissure, or in the line of stratification. 

GLACIERS. 

The snow that falls upon the summit of mountains accu- 
mulates rapidly, and by its own weight, assisted by thaws and 
frost, becomes a consolidated mass of great thickness. Such 
masses are called glaciers, and are found on the upper por- 
tions and between the caps of all lofty mountains. The ap- 
pearance of a glacier must depend upon the circumstances un- 
der which it is formed. If it were possible to imagine the 
ocean rufiled by a gentle breeze and consolidated, or a bound- 
less mirror of ice, the reader might have some idea of the 
forms in which a glacier may be presented to the eye of the 
traveller ; but nouing less than the view can give him a con- 
ception of the terrific scene, or the amazement, if not the ter- 
ror, with which the appearance is first beheld. The travel- 
ler, as he passes over the mighty frozen ocean, may well im- 
agine that he feels the billows swelling beneath his feet ; he 
stands in a new world, surrounded by new scenes ; no living 
object is there, and no sound except his own feeble voice, and 
the detonations of the ice as it tumbles in fragments down 
the yawning precipice ; not a flower or a tree can be seen, 
except the lonely pine, which seems to be left as though to 
mourn over the grave of nature. But even this desolate re- 
gion has its use in the economy of nature ; for it is the res- 
ervoir of those springs which distribute fertility through the 
plains, and gives that in gentle streams which would other- 
wise rush headlong in ito fury to the.valleys, and leave ruin 
and desolation in its nath. 

RIVERS. 

Rivers generally take their rise in mountainous countries, 
from the melting of ice, or from springs. When the fall of 
the water is gentle, the stream is called a rivulet; when 
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tfotent, a torrmit Nothina idds move to dio 
cfaincter of a moQutainoiM district, than a tonent tnmUiiv 
ftom decUntj to decliyity, with accnmnlating Telocity aiM. 
fearful noite. The union of these streams produces riven ; 
and ther* after passing over a greater or less extent of conntiyv 
generally discharge themselves into either the sea m some 
brge inland lake. As spring are most abundant in mom^ 
Cains, rivers usually take their rise in elevated districts, and 
the largest rivers in moontain chains. Eveiy band of higk 
land running through a continent or a country may therefore 
be considered as its reservoir, for on each side it pours forth 
the refreshing stream which meanders through the vales, and» 
having performed its task, discharges its surplus water into 
the ocean, from which it will be again raised by the process 
of evaporation ; and is destined, when collected round soma 
mountain's brow, to perform a nmilsr duty in die same or 
aome other channel. 

The beds of riven have been sometimes fonned by the 
action of vrater, and at other times by the pvoxysmal Tev»- 
lutiona to which we l^ve referred. It is evident, however, 
that if there were no declivities, there could be no riven. A, 
body of water would not move in one direction more than 
another over a perfectly smooth plain, but diffuse itself over 
the entire space, having at each part preciselj the same 
depth. Water, therefore, must be directed into some do> 
cUvity before it can collect itself together and direct its 
force ; but when it has once obtained a momentum, it throws 
itself forward, and particularly if its body be large, with tr^ 
mendous force, scooping out for itself a channel. Generally- 
speaking, the mouths of riven are considerably lower than 
their sources ; but this is not always the case, for the souicea 
of many of the large rivers in European Runia are veiy little 
above the level of the Baltic. The rapidity of a river does 
not entirely depend upon its declivity, but on this combined 
with the volume of its water, and the momentum it pos s esses 
at its source. The bed of the Danube is not so inclined as 
that of the Rhine, yet, in consequence of the greater volume 
of water it contains, it is more rapid. The declivity of the 
Amazon is not more than one twen^-seventh of an inch to 
every thousand feet, and yet, its momentum is great ; and 
the Seine, between Valvais and Serves, has a declivitj of 
but one foot to sixty-six thousand feet of its course. 
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Rivers may discharge themselves into the sea or lakes, or 
they may be lost among marshes. It was generally supposed, 
previous to the Landers* discovery, that the Niger, after ruu- 
ning through an immense tract of country, was lost in 
marshes ; and it has been proved by Sturt, that this is the 
fate of many of the rivers of Australia. There are some 
rivers that discharge themselves into lakes, as, for instance, 
those that flow into the Caspian, and the Murray, which ter- 
minates in the Lake Alezandrina. But by far the largest 
number of rivers enter the sea, and the phenomena produced 
by the mingling of the waters, each having a force of its 
own, are sometimes very remarkable. When the mouth of 
a river is large, it may quietly throw its waters into tho sea ; 
but if narrow, a violent struggle ensues between the tide of 
the one and the current of the other. To this circumstance, 
the bars which are frequently formed across the mouths of 
large rivers may be attributed. Travellers have spoken of 
the terrific spectacle produced when the tide of the Atlantic 
meets the current of the Amazon. It is like the conflict of 
giantsi—the earth trembles with the rosr of their blows — and 
man flies with terror from the scene of encounter. 

Some rivers have but one communication with the sea, 
others discharge themselves through several channels. The 
Ganges has not less than eight, each of which appears to 
have been at some time or other the principal. This 
mighty hver receives the water of several tributanesas large 
as the Rhine, and its source has an elevation of 13,800 feet 
above the level of the sea. 

Some rivers, especially those situated between the trqiics, 
have a periodical rise. This was observed by the ancients 
in the mstance of the Nile ; and, as no rain falls in Egypt, 
they could only consider it as one of the mysteries of nature, 
end supply the place of truth with fable. All rivers thus 
situated are liable to these overflows ; but the degree and 
period depend upon local circumstances, though they are in 
all instances caused by the seasonal rains which fall in 
' tropical countries. When ^the thirsty earth, burnt up with 
the heat of a meridian sun, has been saturated with the de- 
scending torrents of rain, the rivers are- swollen, and over* 
flow their banks, not merely in those places . where the rain 
actually falls, but throughout their courseji. The rise of the 
Nile is occasioned by the rains which (all on the monntaini 
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m die interior of Africa; but ii ie not lutil about tw* 
BMMithe after the eeminencemeiit of the rainy aeaaon, thait 
the overflow reaches that part of the Nile which flows 
through Egypt ; and it then rapidly quit* its banks, spreads 
over the country, and gives fertibty to a dietxict that would 
otherwise be as desolate and barren as the deserts bj which 
it is bounded. 

CASCADES AND CATARACTS. * 

When iTPsrs flow through mountainous countries, thej am 
frequently thrown down precipices produced by Ifae diswca- 
lion of rocks, and form ca s ca des or cataracts. But cataracta 
are sometimes formed by the water o( lakes, as, for instaiice, 
those of Niagara. They preeeot various appearances, ae- 
■eording to the circumstances under which tbey are prajeeted 
over the ledge of rocks. Sometimes the water is proiected 
in a broad uid unbroken sheet ; sometimes from M^ feo 
Isdge, presenting alternately the appearance of a slab and n 
waU ; sometimes it is broken before it reaches the bottom, 
jmd is dissipated in showers, as at that of Stanbbach ; while 
at other times a fine arch of wat* is formed, under which 
the traveller may pass widiout receiving a spray from the 
descending torrent. Bat the most picturesque cataracts are 
those which consist of larffe bodies of water, having a oon- 
wulerable velocity, and dis<£arging themselves between pre- 
cipitous rocks : of these there are many examples in Scot- 
land, Wales, and the north of England, and to a few of them 
we may direct the attention of the reader, as siftuatioiftB 
where the appearances they present may be studied, while 
at the same time beantifidly picturesque scenery may be en- 
joyed. 

Conra Linn is a celebrated waterfall on the Clyde, and is 
calculated to be Mghty-four feet deep, but Uie water is 
thrown over in three distinct sheets, which greatly adds to 
the sublimity of its appearance as a natural object, and illua- 
trates ihe effects of water upon rocks. Scotland abounds 
in cataracts, and some of them are remarkably beautiful : the 
Fall of Bmar, the Cascade of Glamma, in Gkn Ekdiaig, and 
many others, have long been objects of interest. • But the 
Fall of Fyers, situated to the east of Loch Ness, is theV 
largest cascsde in Scotland : it descends SIS feet, and is ea- 
closed by broken precipitous rocks. In Ireland there are 
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also some remarkable waterfalls, one of the most beautiful of 
which is that of Powerscourt, in Wieklow, a stream that flows 
down a steep declivity of 360 feet, amid beautif^ly variega- 
ied woods. 

We must not attach too much importance to these inter- 
esting appearances. Being usually produced by the disloca- 
tions which rocks have sonbred, they are commonly situated 
in districts of ^eat natural sublimity, to the wildness of 
which they considerably add. To the lover of the picturesque 
they are therefore objects of great interest, but it is quite 
evident that they are not of primary importance in studying 
the distribution of land and water. 

The largest and noblest cataract in the world is that of 
Niagara, which is situated in a strait of the same name, 
communicating with L^lo Ontario. The following account 
is extracted maa a paper by Mr. EUicot, published in the 
'* American Philosophical Transactions:" — ^'^Lake Erie is 
situated upon horizontal strata, in a resion elevated about 
three hundred feet above the country which contains Lake 
Ontario. The descent which separates the two countries is 
in some places almost perpendicular, and the immense de- 
clivity formed by these strata occasions both the cataract of 
Niagara and the great falls of Cheneseco. This remark- 
able precipice generally runs in a southwestern direction, 
from a place near the Bay of Toronto, on the northern side 
of Ontario, round the western ande of the lake : from 
thence it continues its course generuly in an eastern direc- 
tion, crossing the Strait of Niagara and the Cheneseco river, 
till it is lost in the country towards the Seneca lake. The 
waters of this cataract formerly fell from the northern side 
of the slope near the landing-place ; but the action of such 
a tremendous column of water, falling from such an eminence, 
through a long succession of ages, has wotn away the solid 
stone for the distance of seven miles, and formed an immense 
chasm, which cannot be approached without horror. Down 
this awful chasm the waters are precipitated with amazing 
velocity, after they make the great pitch ; and such a vast 
torrent of fading water communicates a tremulous motion to 
the earth, which is sensibly felt for some poles round, and 
produces a sound which is frequently heard at the distance 
of twenty miles. The great height of the banks renders the 
desoent mto the chasm oxtremely difficult : but a person, 
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tfUr hsTingf descended, may proeeed to the bue of the falls ; 
and a number of persons may walk in perfect safety a con- 
siderable distance between the precipice and the descending 
torrent; snd conversation is not much interrupted by the 
noise, which is not so great here as at a distance. A vapour, 
or spray, of considerable density, resembling a cloud, con- 
tinually ascends, in which a rainbow is always seen when the 
SUB shines, and the position of the spectator is favourable. 
In the winter, this spray attaches itself to the trees, where 
it is congealed in such quantities as to divest them of their 
branches, and produces a most beautiful cirstalline appear- 
ance, a circumstance which attends the &lls of Cheneseco, 
as well as those of Niagara. A singular appearance is ol>> 
served at these falls, which has never been noticed b^ any 
writer.^ Immediately beh>w the great pitch, a commixture 
of foam and water is puffed up in spherical figures, about the 
siae of a common haycock. They burst at ttte top, and die* 
charge a column of spray to a prodigious height ; they then 
subside, and are succeeded by others, which exhibit the same 
appearance. These spherical forms are most conspicuous 
about midviray between the west side of the strait and the 
island which divides the falls, and where the laigest column 
of water descends. This appearance is produced by the as- 
cension of the air, which is carried down by the colunm of 
falling water, in sreat quantities, to the bisd of the river. 
The river, at the falla, is about 743 yards wide ; and the 
perpendicular pitch is 150 feet in height. In the last half 
mile immediately above the falls, the descent of the water 
is 58 feet ; but the difficulty which would attend, the process 
prevented me from attempting to level the rapids in the 
chasm below, though from conjecture I conclucied that the 
waters must descend at least 65 feet. From these results, 
it appears that the water falls about 373 feet in the distance 
of about seven miles and a half." 



Lakes have been divided into four classes, and under one 
of these all those withwhich we are acquainted may be con- 
veniently arranged. 

The first class includes those which have no outlet, and do/ 
not receive any runnmg water. Many of these are situated 
in elevated diatricts, and are generally lo msU that ^tmf 
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might be, not inappropriately, called poolt. It haa been aup- 
posed that they are the craters of extinct Tolcanoes, and are 
anppUed by springs, a supposition not at all improbable. 
They all increase and decrease with changes in the atmo- 
sphere. 

The second class comprises those which receive water, 
but have no outlets. The Caspian and Lake Aral belong to 
this diviaion. The Caspian is about 6(H) miles long, and its 
•ztreme breadth 300, though its average breadth is not more 
than 100 miles. This most remarkiS>le lake receives the 
waters of tibe Volga, a river which has a course of about 2000 
miles, flowing through European and a part of Asiatic Russia, 
and ^ng* down more than 618,000,000 of cubic feet every 
hour. The Ural, the Yaik, the Kur, and many other streams 
of consideraUe magnitude, are also received by the Caspian ; 
bot ita level is not changed, though it haa no perceptible out- 
let by which to discharge the water it receives. Lake Aral 
preaente the same phenomena, and, though not to be com- 
pared in superficial extent to the Caspian, receives two 
urge rivers, the Oxus and the Jaxartes. The difficulty in 
explsmnng the nature of these lakes is to account for the 
constancy of their level, which might be expected to rise con- 
•iderably, as they are daily receiving so large a body of water. 
It has been supposed that they are connected by some inter- 
nal channel with the sea, and the opinion has been supported 
by the fact that the water of both the Caspian and Lake Aral 
is salt, and contains marine productions ; but it is stated by 
a modem writer, that the Caspian is at the present moment 
not less than ^0 feet below the level of the Black Sea. It 
18 almost certain that the phenomenon referred to may be ac- 
counted for by evaporation, though it is possible that the pro- 
cess of filtration may be going on, and assist this cause. 
Mr. Ben has mentioned several interesting facts, to show 
how great an effect may be produced by evaporation under 
favourable circumstances. In the valley of the Missouri, he 
aays, ** a climate as cold as that of the Caspian, the evapora-* 
tion is so great, that a tablespoonfiil of water placed on the 
deck of a vessel was evaporated in a very snort space of 
time, and the inkstand was daily replenished during a voyage 
of 1000 miles downward, from Fort Mandan, in 47^ north lat- 
itude. The evaporation on the river was so great, that 
though more than twenty rivers of large volume fell into the 
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Ifiwonri in that iptea, it was not Moaiblyenlaiged." WhcB 
acqaaintad with auch facta, there can be no diffiraltj in be« 
licTi]^ that the eYaporation from the aurface of the Caspias 
nay be the caoae why it preeerres its level, notwithatandinff 
the large volume of water brought into it by the Volga ana 
other rivers. 

The third claaa comprehends all those lakea which receive 
no atreams, but give birth to some. Many.of theae l^kes oc- 
copv very elevated aituations, and are the sources of some 
of the largest rivers. They are, no doubt, suppUed by springs, 
the water of which rises in their reservoirs until its- level is 
sufficiently hifffa to admit a diachaige. The lake on Monte 
Rotondo, in Uorsica, is one of this class, and is situated 
9000 feet above the level of the aea. 

The fourth claas includes all thoae lakea which both re- 
eeive and discharge water, and these are more numerous 
than any others. Some 'receive the waters of many riven, 
but commonly they have but one outlet. It ia not difficult to 
explain the origin of these lakes. Should a hollow pieaent 
itself in the course of any ttver, it is quite evident that it must 
bb filled to the level of some part of its banks before the river 
can proceed, and thia would produce a lake. But it may 
happen that there is a general declivity from varioua parts 
of a diatrict towarda some central valley, and then the waten 
of a number of rivers may be brouffht into it, while at the 
same time the continuation of the valley gives but one course 
by which the waters can be discharged. Many of these lakes, 
however, may be supplied by springs as well as by rivers. 
Lake Baikal, in Asiatic Russia, is a very large lake of this 
class, but the largest are those of North America, which lie 
between Canada and the United States. 

These lakes, or inland seas, as some pf them miffht bo 
more appropriately called, constitute so important a feature 
in physical geography, that we cannot pass from ihe consider* 
ation of the subject without a more specific reference to a 
few examples, and especially to some of those which are 
found in the northern counties of Great Britain, which, though 
not large, are well worthy attention. 

I^ake Baikal, in Asiatic Russia, and in the government of 
JrkOutsk, is about 1244 miles in circumference. It receivea 
the waters of the Bargousin, the Gelenga, the Upper Angaia, 
and the Tunka, all of them rivers of some importance. It 
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iiM only one outlet, called the Lower Angara. This lake is 
supposed by many persons to have been produced by the 
TOKsnic cause, and the supposition is not altogether unsup- 
ported by facts. The mountains around bear marks of a sud- 
den and violent eruption ; the surrounding districts are de- 
cidedly volcanic ; earthquakes have been felt in the neigh- 
bourhood ; and vessels on its surface have sometimes suner- 
ed from severe shocks when the sea has been perfectly calm. 
The navigation of this vast body of water is tedious, if not 
dangerous, but it is sometimes frozen over ; and Cochrane 
states, that he has passed over it on a sledge, in a place 
where it is forty miles broad, in two hours and a half, though 
vessels are frequently thirty days in crossing. 

The lakes of North America are very numerous, but the 
most important are the Ontario, £rie« Huron, and Superior. 
Lake Superior is the largest body of fresh water in the world, 
and is about .400 miles in length, and 100 in its greatest 
breadth. In this lake there are five large islands, one of 
which. Isle Roy ale, is said to be at least 100 miles in length. 
More than forty rivers discharge themselves into this vast 
body of water ; but the Strait of St. Mary, connecting it with 
Lake Huron, is its only outlet — and this is not navigable, on 
account of the falls. 

Lake Huron is about 250 miles in length, and contains 
several lar^ islands. An extensive plain separates it from 
Lake Michigan, which is cut off from Lake Superior by a 
narrow tongue of land. Lake St. Clair is about 90 miles in 
circumference, and, although unworthy comparison with those 
laige bodies of water alre^y described, it has an hnportance 
from its connexion with Lake Erie, which is about 600 miles 
in chrcumference. Lake Ontario is the last of the chain, 
and is about 170 miles long, and 60 broad. 

There are other countries where the lakes are as numeiw 
ous as in North America, but there is no country in which 
they present so large a surface of water. Switzerfamd abounds 
in lakes, but in magnitude they cannot be compared with those 
of America. Geneva is the largest of these, but it is not 
more than fifty miles in length, and twelve in its greatest 
breadth. It is chiefly remarkable for the romantic scenery 
by which it is surrounded ; and in this respect it is superior 
to all others, as also in the depth of its <* deep blue waters.*' 

The principal English lakes are<itiiated in Cumberland and 
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Wettmorebiidi and of theae lh« moat importaiit we XNbnm* 
ter, Derwentwater, and Windennera. uUswater is about 
niiM miles in length, and two in its greatest breadth. It amy 
be described as a long nanow body of water, aitoated in a 
scenery remarkable for its beanty and grandeur. Helvellvn 
and the Stone Cross Pike, the two highest monntains in tha 
district, come iiilly into view as the traveller passes down 
the lake. Derwentwater ia not inferior in grandenr, thoagh 
its character is exceedingly difierent from tSaH of UUswater ; 
and the mountains by which it is surrounded are more broken 
and roffged. Anrand this spot there is a charm which ia ir- 
resistiue, for here nature wears an enchanter's robe, and ia 
painted in her most lantastic colours. But Wmdamam u 
the largest of the English lakes, thouffh it is not more tfa«i 
ten miles and a half long, and two muea broad. It is amv 
rounded with beantifbUy wooded hilla, and on the north a 
fine range of mountaina forms the back-gioond. 

But none of the English lakes can be in any way compared 
with the Scotch, and particulariy with the romantic Lodi 
Lomond. The solemn stillness of the dark watera, and tfaa 
• proud aspirhtf summit of Ben Lomond and its eioTated c<hii- 
paniona, produce reflections in the mind of an oboenrer not 
to be easily forgotten. Who that has read Wordsworth'a 
exquisite lines " To a Highland Girl,'' does not desbe to 
Tead them on the spot where they were written 1 And who 
that has done so, does not deaoe a repetition of the de- 
light 1— 

" And these gray rocks ; this household lawn ; 
These trees, a veil just half withdrawn ; 
This &11 of water, that doth make 
A murmur near the silent lake : 
This little bay, a quiet road 
That hokkain shelter thy abode ; 
In truth, toaetherdo ye aeem 
Like something &shkKied in a dream ; 
Such ibrms as nrom their covert peep. 
When earthly cares are laid aedeep !*' 

Lskes differ greatli^ in their depth, and in the chaonKter of 
the water they contain. The water of aome is exceediw^ 
pure and transparant, that of othera ie aalt, brackish, or 
aweet ; and there are some which emit noxious exfanlstiona, 
dBBtraetive or injurioas to animal life. Many Ukm an no 
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doubt attributoble to ▼•icanie agency, and have been pro* 
daced in the manner alseady described in speaking of the 
Dead Sea. In these places there may be now no external 
violent eridence of the activity of the same force, but still it 
may be in existence ; and the evolution of noxious jvptmn 
is <Hie proof that the supposition is not without foundatMB. 
It is well known that in the neighbourhood of Yesuyius, uid 
in other volcanic districts, there are man^ places from which 
carbonic acid is given (^ in Urge quantities, destrojring ani« 
mal, and considerably affecting rentable life. The cele- 
brated Grotto del Cane, at Naples, is an excellent example ; 
a&d there are many caves in the south of France, an extinct 
Tolcanic district, particularly those of Montjdy, where similar 
phenomena have been observed. It is not, tiberefore, singu* 
far, that springs and lakes produced by the same cause should 
emit the same vapour, for there must be as intimate a connex- 
ion with the cause in one instance as in the other. Bishoff 
and Noggerath state, that there is a pit near Ltdce Lacseh, 
where there is a pennanent evolution of carbonic acid gas, and 
they found the remains of many animals that had been killed 
by It. On descending into the pit, and holding tiheir heads 
over the stream, they experienced Uie sensation that is known 
to attend the breathing of this deleterious fluid. Near Bou« 
delreis, on the bank of the river Kyll, there is a spring that 

S'ves off 80 large a quantity of carbonic acid, as to appesr, by 
number of babbles on its surface, as though it were boil- 
ing, and persons who attempt to dirink from its basin are 
qwckly dnven awsy by the mephitic odour of the water. 

Some lakes are periodical, and increase or decrease ia 
depth at particular seasons of the year. There are some 
hu^ cavities in South America, which, immediately aibr the 
rainy season, are filled with water, and became lakes ; but by 
the process of evaporation, and by filtration, the water is soon 
earned off. But there are othera vrfaich rise and frdl in a 
nanner unaccounted for by the causes which so easily ex« 
plain the drymg up of the lakes of South America. It has 
been supposed that there is a connexion between these peri* 
odieal lakes and a snbtenaaean reservoir, the increase or da* 
ereaae of which produces a similar effect upon the lake itself. 
It is still more mffieolt to explain those occasioBal disturb* 
ances to which inland lakes are sometimes subject. Locli 
Lomond is frequently agitated m a most violent manner 
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daring thi calmett weather, aud without any apparent cause. 
It may be well to remember that this lake has simered a sim- 
ilar affitation daring the presence of earthquakes in very dis- 
tant |3aces. The same causes ma^ not e^Iain the phetaom* 
«D0o in both instances, hot there is some reason to beliere 
that they are not altogether distinct. It may also be men- 
tioned, that lakea frequently contain islands, which are so light 
as to float upon the surface of the water : they are sometimes 
exceedingly numerous, and of considerable size. 

THK SBA. 

Although theses has so large a proportion to the dry land, 
occupying seren tenths of the surface of the earth, yet its 
present quantity and conditions are absolutely necessary to 
man, that he msy fulfil the objects of his terrestrial being. 
The earth without an ocean would be an arid and unfruitful 
desert, incapable of producing any ▼offetable substance, and 
eonsequently unfit for the residence of animals. But a con- 
stant interchange is going on between the ocean, the atmo- 
sphere, and the dry land. By the action of solar heat upon 
tM soiface of water, it is yaporized, and carried in an elastic 
fonn into the atmosphere. By a variety of causes, and es- 
pecially by the agency of electricity, this aqueous vapour is 
condensed and returned to the earth, a part falling upon the 
sea itself, and a part upon the dryland. Having performed 
its purpose in watering the earth, and in giving fresh vigour 
to vegetable growth, it is, directly or indirectly, returned to 
' the ocean, to pass again through the same series of changes 
and eiicumstances. But the ocean serves another important 
end, in the abstraction and decomposition of many of the 
noxious substances contained in the atmosphere ; and there 
is little doubt that it is the means of checkmg some of those 
principles of disease which are known to be wafted from 
cUme to dime on the wings of the wind. It is also worthy 
of remark, that although the sea separates the inhabited por- 
tions of Ihe earth^s surface, yet it offers a ready means of 
communication. Upon its own bosom it carries the proudest 
trophy of honsn ingenuity, a vessel that contains within 
itself the source of power, and can plough its way from shore 
to shore, in spite of the ordinary opposition of winds and 
tides. Thus it is that the intercourse of nations, and the in- 
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terchange of manufactiired and natural prodactiont, are car- 
ried on, to the social and intellectual advantage of man. 
- Oceans are collections of water in -valleys, and their basins 
must present the same inequalities as are observed upon the 
surface of the land. Mountains, hills, and valleys are to be 
found in the bed of the ocean as well as on dry land ; and 
the causes which effected changes in the relative positions of 
the one must have had some and a similar influence upon the 
other. The depth of the sea, therefore, must vary considerably 
in different places. But there is much difficulty in ascertaining 
the depth at any place ; for not only are substances moved more 
readily in water than in the atmosphere, on account of their 
loss of weight in that medium, but they are also subject to 
rapid transportation by currents. On these accounts, there 
are many situations in which the heaviest sounding-lead can 
be of little or no value. Lord Mulgrave sounded in the 
Northern Ocean in a place where he gave out 4700 feet of 
line without finding a bottom, and Mr. Scoresby could not 
find a bottom in one part of the Greenland Sea at the depth 
of 7200 feet. Accoixling to the calculations of La Place, in 
his ** M^canique Celeste," founded upon the oscillations of 
the ocean, the mean depth of the water is a firaction of the 
difibrence produced in the diameter of the earth by the fiat* 
teninff of the poles, and it has been estimated at between two 
and three miles. 

LEVEL OF THE SEA. 

From the universal law by which water is known to be 
governed, it might be deduced that the surfaces of all con- 
nected bodies of water must be on the same level ; and if 
there were no deranging causes, this would be the case, and 
the surface of the ocean would give the precise form of the 
earth. The great law of gravitation has its action in this as 
well as in all other instances ; and water, wherever situated, 
not only seeks the lowest places it can reach, but also at* 
tempts to maintain the same level. But it is impossible tkftl 
there can be a universal level at any moment, io long as the 
disturbing causes, intimately connected with the present 
physical condition of the earth, exist. The influence of the 
moon producing tides is one of these causes, and occasions a 
considerable dSference in the height of the water, in near as 
well as distant parts of the same ocean or sea. The level is 
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•1m liabto to altonlion from Om local iniliMBce of ffitda ; 
•lid it hu been aaeeitiiiied thai in all gulfii ftiid inUnd seat, 
tlM levtl is alwajrs luckier than on the ocean. This is espe- 
cially the caae with those which are open dnly to the east, 
te they are more expoeed to the great osciUatioii of ths 
water from eaat to wMt, to which the ocean is periodically 
•dbject Bt this moTement, the water is oairiea into thes« 
inlets, and tne more confined their openings, the hig^ will 
be the level. M. Humboldt made some experiments on the 
Istfanms of Pamna, from which he deduces that the level oC 
the Golf of Mexico is fkom 20 to 23 feet highw than that of 
tiw Pacific. The infloenoe of the tides is well hnovm, sad 
is obserred more or less ujpon all bodies of water connected 
with the oeean. Winds also have an effect in destro]rin|f the 
lerel, not only by the formation of waves, but^lso by dnviui 
in one direction a body of water in greater volume than usoaL 
Upon seacoasts this effect is frequently produced ; and nar* 
fgators are aware that in consequence of the castor^ trade* 
winds, urging the waters of the ocean towards the Afirican 
eoast, the level of the Red Sea is always about twenty feet 
above the level of the ocean. These are the causes which 
poduce an elevation of the level in aome places ; and there 
IS one agent, evaporatioii, which sometimes lowers it. Thm 
Mediterranean Sea, for instance, is a little below the general 
level, for the waters it receives from the numerons rivers 
whose basin it is, are not sufficient to compensate for tfaie loss 
by evaporation, and tt- constant supply is consequently fur* 
Bished through the StraiU of Gibrait|Ur. 

But althoi^ these disturbing causes are hi action, there ia 
a general ocean level, and even the variations are so entirely 
under the control of laws that are perfectly understood, thai 
no change can be effected which is not capable of explana- 
lion, and uanaUy of prediction. The necessity of theee re. 
ftraining laws is evident ; for so powerful is the influence of 
• large body of water in motion upon the district over which 
it moves, that if it were governed by laws less capable of re- 
straining its limits, such scenes of destruction would be con- 
Ctantly presented as would give an insecurity to all IIm pro- 
visions necessary for the sustenance of animal life. It would 
not be di^cnlt to select instances in which the deranging 
causes now active have produced most alarming efiecta. 
The loss of life and destruction of property in St Peters- 
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borgh, in the year 1835, will be in the remembrance of many 
of our readers, and this was prodaced by a flood that was uo* 
casioned by a no more violent cause than a strong wes^fttff 
wind, impeding and partially preyenting the flow of the wi- 
.ters of the Neva. 

It was, during the last century, much dilated whether 
the sea maintained its level ; and many eeographers were of 
opinion that it was constantly failing, and the Baltic in par- 
ticular. The question is to the present day undecided, al- 
though experiments have been made to detennine it. Of 
these there are many that favour the supposition of a decreae- 
ing level, but they are opposed to others which lead to an 
opposite conclusion. ^In the year 1820, Mr. Bruncrona col- 
lected the results of the ej^periments made during half a ceor 
tuiy on the western coast of the Baltic, and from these it 
may be deduced, that the level of the water is there con- 
stantly falling ; and this conclusion is supported by the opin* 
ion of the Baltic pilots, who state that the sea is shallower 
than it was, and that the straits which separate the islets 
along the coast of Sweden could once be passed by veatele 
drawing ten feet of water, though they are now not practics* 
ble for boats that draw more than three feet. Mr. Hallstrom 
states, that the same eflect is going on in the Gulf of Both- 
nia, with this difference, that in the Baltic the lowering 
decreases from the north, and disappears at the southern 
extremity ; but in the Gulf of Bothnia, it is nearly uniform 
throughout. These results lead to the conclusion that the 
level of the Baltic is falling, unless we accept the opinion 
of those who state, that the currents from the north to the 
south of the Baltic, produced by the streams which flow 
into it, drive the waters to the southern shore, where tbiB 
level is rising, though it is falling on the northern. But 
whatever opinions may be formed from a consideration of 
these facts, we have at present no means of determining 
whether the general level of the ocean is constant. 

THK COLOUR OF THB OCBAN. 

The colour of the ocean is not fixed, but is influenced by the 
direction of the light, the chymical composition of the waterj 
and the nature of the rocks over which it flows. The see 
commonly appears to have a deep blue tinge ; but, as the depth 
decreases, it becomes clearer, and has a hghter shade. When 
Gg3 
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a mmH qiMiititj of seawater is •zanuDed, it has no ookmr ; 
and this is also true of a small quantity of atmosphene air ; 
both of these media are, in minate Tolumes, incapable of bh 
toicepling so large a quantity of any raj as to sive cohwr to 
the Tolnme. Tet thsj difier in their powers of interception ; 
ttir leiects the most refiangible xajs, the violet, indigo, and 
bine, wUoh prodnee the aanie hue that is known to diatin* 
gnish it ; hat water, on account of its density, as well as ite 
oepth, leiects some of the less lefran^le rays, and henco 
ks grsenish blue colour. Under peculiar circumstances, the 
tea exhibits other shades, but these are to be attributed to 
loeal rather than general causes, — the character of the bed 
over which the water flows, and sometimes the animalcula, 
insects, or plants, which float over or immediately beneath 
He surface. In the Gulf of Guinea the sea is white ; around 
the Maldires it is black ; in the upper part of the Mediterr»- 
nean it has a purple teint ; and the 'West Indies are washed 
by an ocean so transparent, that the bottom of the sea lies 
open to examination. There are also in all places changes 
or colour, produced by the shadows thrown upon the sea by 
the interception of the clouds, and these shades are so ey« 
•aeseent and yaried when the sky is thickfy corered with 
broken cloods, tiiat we may almost fancy the eye is do- 
eeived. 

PHOSPHORISCBNCB Of TBI SKA. 

The sea has sometimes a luminous appearance, a phenom« 
anon that has been obsenred by all- sailors, who consider it tho 
fMorunner of windy weather. It is said to occur most fre- 
quently in the summer and autumn mmiths, and varies so 
much in Its characters as to induce a doubt whether it can 
be always attributed to the same cause. Sometimes the lu- 
minous appearance is seen over the whole surftce of the wa- 
ter, and the vessel seems as though floating upon an ocean of 
light ; «t other times the phosphorescence only encireles the 
tidp. A portion of water taken from the sea does not ne- 
cessarily retain its luminous appearance, but its brilliance wiQ 
generally continue as long as the water is kept in a state of 
agitation. Some philosophers imagine the phosphorescence of 
the sea to arise from the difibsion of an immense number of 
animalcula throuidi the medium, and others attribute it to 
eleetricitr. Dr. fiuebaaan has given an account of a vmy 
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remai'Hble appearance of the aea, obaeTved by him daring a 
yojf age from Johanna to Bombay. About eight o'clock in 
the evening of the Slst of July, 1785, the sea had a niilk- 
whit^ colour, and was illuminated by a multitude of luminous 
bodies, greatly re8emblin|r the combination of stars known 
as the milky way, the lummous substances representing the 
brighter stars of a ccnsteUation. The whiteness, he says, 
was such at to prevent those on board from seeing either the 
break or swell of the sea, although, from the motion of the 
ship and the noise, they knew them to be violent, and the 
li^ht was sufficiently intense to illuminate the ropes and rig- 
ging. This singular phenomenon continued until daylight ap- 
peared. Several buckets of water were drawn, and in them 
were found a great number of luminous bodies, from a quar- 
ter of an inch to an inch and a half in length, and these were 
seen to move about as worms in the water. There might 
be, says Dr. Buchanan, four hundred of these animals in a 
^rallon of water. A similar appearance had been observed be- 
fore in the same sea by several of the officers, and the gun- 
ner had seen it off Java Head in ^ voyage to China. 

TEMPBRATURB OF THB SKA. 

The ocean has not always the same temperature m the same 
latitude. Within the tropics there is little or no difference 
between the temperature of the northern and southern hem- 
ispheres ; but, as we approach the poles, the temperature is 
less for any degree of latitude in the northern than the 
southern. In eighty degrees north latitude ice generally 
inelts in the month of May, though it remains all the year 
round in sixty degrees south latitude. Ice also extends near- 
\j eight degrees farther from the south pole than it does 
from the north, for icebersrs have been found as low as forty- 
eight degrees south latitude. This greater decrease of tem- 
perature in the southern hemisphere has been attributed to 
the almost entire absence of land in the antarctic ciiele, 
whereas the arctic sea is almost surrounded by land. Peron 
invented an instrument, which he called a thermo-barometer, 
for the measurement of the temperature of the ocean ; and 
from a great number of experiments, deduced a series of sin- 

e results ; but some of these have been controverted by 
boldt. Peron states, that in the neighbourhood of islands 
or continents, the temperature of the water is always higher 
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than in the open lea, and that near ashore the coMincraaees' 
with the depth. But Humboldt objects to this statement as a 
general law ; for although the temperature of the troj»ical seas, 
and the Mediterranean, and Baffin's Bay, does diminish with 
the depth, jet in the Greenland seas and in the Arctic Ocean 
the temperature increases with the depth. The ezperimenU 
made in the south seas during Krusenstem's Toyage of dia- 
covery tend to establish the law that the cold increases with 
the depth. Saussnre estimates the mean temperature of the 
sea at 53^, but it appears to range between 26^ and 68^ of 
Fahrenheit's thermometer. 

lURINB ICI. 

It was once much doubted by geographers whether the 
waters of the ocean could be frozen, but the voyages which 
have been undertaken in polar regions haye entirely removed 
this doubt. Bays and inland seas, situated in sixty degrees 
north latitude, are entirely frozen over during the winter sea- 
son, and in seventy degrees the sea is covered with fields of 
ice. The more enclosed the water, and the greater the j^ro- 
jections of land, the more readily will ice be formed ; and it is 
on this account that the Baltic, the Gulf of Bothnia, and oth- 
er inland seas, are frequently frozen, when the ocean in the 
same latitude is altogether unencumbered. In about the 
eightieth degree of north latitude the ice becomes fixed, and 
during the winter months presents an immoveable mass, hav- 
ing a porous and diaphanous structure. When the spring re- 
turns it begins to melt,. the mass is broken, and an nncertain 
passage is opened to the adventurous mariner. But the sum- 
mer soon passes, and the vast surface is again covered with 
a thick crust of ice, over which the polar bear wandera, in 
search of that sustenance which seems to be denied aU c 
tures in this inhospitable region. 



An iceberg is an island of ice, sometimes mimoveably fixed 
upon some projecting mass in the sea, but more common^ 
floating from place to place, according to the action of the 
winds and cunents. Icebergs are usually very perpendicular 
on one side, and on the opposite have a more gradual sloping 
direction. Their height is variable, and some of them have 
an elevation of two hundred feet above the level of the 
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ocean. The colour of these yaet miMes of ice is verioiw, 
depending in pert upon the direction of the incidental huni- 
BOtts rays, and in part upon the constitution of the hergs them- 
selves ; they not unfrequently appear as though formed of 
emerald or sapphire, and the colours produced oy the refrac- 
tion are frequently so beautiful, that they seem as thou^ they 
were built of light, and mimicked the representations of 
orientsl fable. It has been supposed that the iceberg is fona- 
ed by the piling together of the fragments producM by the 
breaking up of the large fields of ice, but it is more com- 
monly lUlowed that they are masses broken off from the enor- 
mous glaciers abounding on the coasts of Greenland and Spiti- 
bergen. Some, however, may be produced by the consolida^ 
tion of driven snow, and contain trees, which occasionally 
take fire, in consequence of the great friction to which they 
are exposed, presenting the singular appearance of a burning 
mountain of ice. The bergs are sometimes enveloped in a 
thick fog ; and if a ship shouki come in contact with them, al- 
most certain destruction must result from the collision. Very 
many of the vessels Employed in the fisheries are every year 
lost, we are informed, by accidents of this kind. 

Mr. Scoresby has given, in his '* Arctic Regions," a yery 
interesting sketch of uie seven icebergs of SpitzbergeOf from 
which we may select the most important facts. " I sp^ak 
not here," he says, " of the islands of ice which are borne 
to southern climates on the bosom of the ocean, but of those 
prodigious lodgments of ice which occur in the valleys ad- 
joining the coast of Spitzbeigen and other polar countries, 
from which the floating icebergs seem to be derived. Where 
a chain of hills lies parallel to the line of the coast, and 
within a few miles distant of the seabeach, having lateral 
ridges jutting towards the sea, at intervals of a league or two, 
we nave a most favourable situation for the formation of ice- 
bergs. Such is precisely the nature of the situation a little to 
the northward of Charles Island, where the conspicuous bodies 
of ice noticed by Martens, Phipps, and others, and known 
by the name of Uie seven icebergs, occur. £ach of these 
occupies a deep valley, open towards the sea, formed by hills 
of about two thousand feet elevation on the sides, and ter- 
minated in the interior by a chain of mountains of perhaps 
three thousand to three thousand five hundred feet in hei^^t, 
which follows the line of coast. They are exactly of the 
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nature tod tppeannce of glaciers ; they commence at the 
margin of the sea, where they frequently conatitate a con- 
•iderable precipice, and extend dong the valley, which cono.- 
monly rises with a gentle slope, until they are either tenxdna-' 
ted by the brow of the mountain in the back-ground, or in- 
terrupted by a precipitous summit. Besides £ese icebergs, 
there are some equally large near the northwest angle of 
Spitsbergen, in King's Bay, and in Cross Bay, and some of 
much greater magnitude near Point Look-out, besides many 
others of various sizes in the large sounds on the western 
side, and along the northern and eastern shores of this re- 
markable country. *' 

The Seyen Icebergs, according to Mr. Scoresby, are each 
on an average about a mile in length, and two hundred feet in 
height above the level of the ocean ; and there is one to the 
nonhward of Horn Sound eleven miles in length, and four 
hundred and two feet high. These vast masses of ice are, 
during stormy weather, attacked by the waves, which grad- 
ually precipitate large, fragments into the sea. The ice is 
everywhere traversed by deep fissures, from a few inches to 
■everal feet wide, and so deep, that, in looking into them, the 
traveller finds that the rays of light have never penetrated to 
the bottom. These rents are supposed by Mr. Scoresby to 
hfve been produced by the passage of streams of water over 
the surface of the ice ; but Dr. Ditta imagines them to have 
been produced by expansion during the process of freezing. 
Suppose the iceberg, says this gentleman, to be but a few 
feet thick, the heat of summer will render it spongy and 
eorous, and its surface will be hollowed in channels by the 
little streams that flow over it. When winter returns, and 
these streams of water are congealed, the walls of the cav!« 
ties will be, in some degree, nfreed asunder, and a partial 
rent be formed. Into these rents water will again flow, and 
being solidified as in the previous instance, the rent must be 
increased in length, width, and depth, while the damminfg up 
and freezing of the little streams below assist the action, by 
elevating the mass from its bed. This process, says Dr. 
Latta, annually- repeated, might induce the appearance now 
presented by the icebergs, and, being wedged in between 
mountains, they cannot extend laterally, and necessarily be- 
come arched or convex, impelled, as it were, by a central 
force in the expansion of water. 

Nothing can be more beautiful than the appeaiance of 
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these wonderful masses of ice ; and the contrast between 
their glittering surfaces, and the dark monotonous gloom of 
the rocks and snow-clad peaks by which they are surrounded, 
'presents the beholder with scenes of interest, even within 
the confines of the polar circle, where nature almost loses 
the spark of vitality, and struggles incessantly to free itself 
from the iron band of eternal frost. 

WATBB-SPOUTS. 

Among the most interesting phenomena observed at sea, 
we may mention the formation of water-spouts. This cu< 
rious and perplexing phenomenon is not to the present mo- 
ment thoroughly understood ; for it is still a matter of dis« 
pute among meteorologists, whether it is due to the agency 
of electricity, or to the mechanical action of whirlwinds. It 
is quite certain that water-spouts are commonly attended 
with electrical phenomena; but it cannot be determined, 
from the data in the hands of the philosopher, whether elec- 
tricity is an effect or a cause, for it is equally certain that 
the spiral motion of the water must result from a gyratory 
motion 6f the air, which also may be an effect or a secondary 
cause. 

Mr. Steward, speaking of the water- spouts seen by him in 
the Mediterranean, in the year 1701, says that they all con- 
sisted of a transparent tube. " It was observable of all of 
them, but chiefly of the large pillar, that towards the end it 
began to appear like a hollow canal, only black in the borders, 
but white in the middle ; and, though at first it was alto- 
gether black and opaque, yet one could very distinctly per- 
ceive the seawater to fly up along the middle of this canal, 
as smoke does up a chimney, and that with great swiftness, 
and a very perceptible motion ; and then^ soon after, the 
spout or canal burst in the middle, and disappeared little by 
bttle, the boiling up and the pillap-like form of the seawater 
continuing always the last, even for some time afler the 
spout disappeared, and perhaps till the spout appeared again 
or reformed itself, which it commonly did in the same place 
as before, breaking and forming itself again several times in a 
quarts or half an hour." 

Dr. Buchanan observed this phenomenon once or twice 
during a voyage to and from India. When his attention was 
first called to it, he observed a dark thidc cloud which threw 
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tut a kmg enrrad ipout, while at the same time a thick tog 
roM out of the iea. After an interval of about two minatea* 
the fpoot rashed down and joined the clood which had risen 
from the aea. The cload nom which the spout descended 
then mored, says Mr. Maxwell, slowly along, and probably 
by its motion produced the conrature of the spout. The fog 
proceeding from the sea was of the same colour as the spout, 
and resembled the smoke of a steam-engine. The surface 
of the water under the spoat was during the whole time in 
a state of Tiolent agitation, and a noise was heaid like ^t 
of a waterfalL The spout soon withdrew itself again into 
the cloud from which it had descended, and the fog receded 
into the sea. The whde exhibition did not last more than 
three minutes. The same author had opportunities at other 
times of obeerring similar appearances, and in all cases they 
presented nearly the same phenomena, and he has repre- 
sented in the following diagram the different states in which 
they occur. At their first formation, he says, they appear 
of a conical tubular form, dropping from a black cloud before 
the disturbance of the sea is obMrved. The black conical 
cloud then descends, and the smoke-Uke appearance from the 




States of the Waterspout 
sea ascends, until they join. When the spout begins to dis- 
perse, the Uack cloud draws itself up, and a thin tnmapa* 
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Tont tube it le(t •till united to the «load that rose from the 
^s. This, hovrerer, is at lakt broken, and the phenomenOB 
diflftn|>e«K0. 

Ijie Honoorable Captain Napier has made some remnHe, 
m the Philoeophical Journal, upon a phenomenon of the tame 
kind which he observed, and upon the probable cause of the 
appeaapanoe. On the Gth of September, 1814, in latitude SO'' 
47' north, and longitude by cbronometer 6i^ 40^ west, at 
half past one, p. m., the wind beinff Tariable between W. N. 
W. and N. N. £, the ship steering S. £., an extraordinary sort 
of whirlwind was observed to form about three cables* lengUi 
from the starboard bow of H. M. ship £me. It canied the 
water up along with it in a cylindrical form, in diameter to 
appearance like a water-butt, |(radually rising in height, in> 
ereaaing in bulk, advancing m a southerly direction, and 
when at the distance of a mile from the ship it continoed 
etataonaiy for several minutes, boiliE^ and foaming at the 
haae, discharging an immense cohiran of water, with a n|sh» 
fag Of hissing none, mte the overhanging 'otouds, tunUDg i^ 
■cEfwith a quick apinl motion, eonstiaatly bendd^yr and 
•trauhteninff, according as it waa affected 1^ the variable 
winds, which now prevailed akemately from aU points of the 
eoqipasa* It next returned to the northward, in direct oppo- 
sition to the then prevailing wind, and right upon the ship's 
starboard beam, whose course waf; alterea to east, in hopes 
of letting it pass astern. Its approach, however, was so 
iapid, that we were obliged to resort to the usual expedient 
of a broadside, for the purpose of avertmg any dangnr that 
night be apprehended, when, after firing several shots, and 
«M in pai>tioular having passed right thimigtt it at the distaaee 
•f one third from its base, it appeared for a minute as if eat 
horizontally in two parts, the divisions waving to and fto m 
different directioDs, as agitated by 0|q>osite winds, till they 
again joined for a time, SoA at last dissipated in an immense 
&k elond and showev of rsin^ At the tine of its being 
•^arated by the efibrt of the shot, or, more probably, by ti5 
«grtatioa oeeaaiqiied in the air by the dieehvge of several 
ftms, ita baee was censtderabiy witbhi half a nUe of tiM 
Ship, eeirerinff a portion of the tarfoco -of the water at leaat 
ludf a iorlangy «f even three hundred feet, in diemeter^ freei 
«ne eityeaw ohrcMnforeBee of ebnlUtion to the other } and 
;oltheoleBd into which it diachaigeditaetf ap p eased 
H h 
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to hsfe tn altitude of ferty degrees «f the <iaftdrant» w2iil« 
the dead itself extended over head and all roand to a Teij 
cooaiderable distance. Allowing then from the ship a bae^ 
of a little mora than one third of a nautical mile, say 2050 
feet, and an ansle of 40^ to the top of the neck, we shaU 
then haye for uie perpendicular height of the spoat about 
1720 feet, or very nearly one third of a statute mile. A little 
before it burst, two other water-spouts of an inferior size were 
observed to the southward, but their continuance was of 
abort doiation. 

If Captain Napier's calculation of the height of this water- 
spout be even an approximation to the truth, it entirely de- 
stroys that theory which attributes the phenomenon to the 
fonnation of a yacuum. Liquids will rise in exhausted tubes 
lo the hei^ at which they exactly balance a column of at- 
nespheiic sir having the same base, and water obeying this 
law will rise to the height of about thirty-two feet, as it does 
in pumps. Now, if this force acts at all in the formation of 
water-spouts, it must be aided by some other agent, but 
what that i» cannot be determined in the present state of oar 
knowledge upon the subject ; it may be a result of an elec- 
trical attraction dependant on the different electric coift- 
ditioBs of the cloud and the ascending fluid, or may be pro- 
duced by the rotary motion of the air. 

MOTION OF THV 8BA. 

The sea is subject to a motion of three different kinds : it 
is agitated by the action of the wind, producing wayes ; by 
tides, which result from the attractive influence of the moon ; 
and by currents, produced under various circumstances, and 
resultmg from a variety of causes. To all these we must 
briefly refer. 



Waves necessarily result from the laws which govern 
fluids. Whenever the level of a liqnid is distarbed, there 
^iU always be an effort to restore the equilibrium, snd a 
mass of fluid will rush to occupy the place which .has. been 
vacated. The wind, acting upon the surface of the sea, 
piles up, if we may so speak, ridges of water, leaving smafl 
Barrow indentations, into whieh the water on all axles at- 
tempU to enter. This disturbance, therefore, as communi. 
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eitacl, and extends orer a large or small space, aeeording to 
the' force of the disturbing cause, and billow rolls after bil* 
low, increasing the uptroar of the wild waters. This also 
accounts for the fact, that when the waves hare been some 
time in motion, ttiey do not immediately sink to rest when 
the. wind ceases, but the level is restored by degrees, the 
waves deesaasing in height, and becoming shorter, until they 
areieduced to a mere npple. 

-It is w«U known to mariners that there is a ^at differ- 
ence in the sppearance and effects of waves m different 
seas. It has been frequently stated that the waves of the 
British seas are quick and violent, much more dreaded by 
sailors than the slow, spreading, heavy waves of the Bay of 
Biscay. The imagination can scarcely fancy a vast mass of 
water rolling up the Bell Rock lighthouse to the height 
of one hundred feet, yet this has been frequently known ; and 
Mr. Macdonald, who was there duruig the gales of October, 
1824, states, that the waves rose in an unbroken #ate to the 
height of sixty-four feet, and some to the height of ninety 
feet, and, being separated, they darted to the leeward of the 
house, leaving it at one end of an avenue of water. 

TIDES. 

The most constant and important motion of the sea is 
that which it periodically auffeis in consjpquence of the at- 
tractive force of the sun and moon. The tides, as these 
oscillatory movements are called, have long been supposed 
to have sobm connexion with the position of the moon ;• for 
Pythias, Pliny, Ptolemy, tod other ancient astronomers, 
confess their belief in this doctrine. Gahleo, Descartet^ 
Kepler, and others, also refer to the jutme cause, though 
their notions were exceedingly indefinite. " The orb of the 
attracting power possessed l^ the moon,'' says the illustri- 
ous Kep&r, "is extended as far as the earth, and draws the 
water uod^ the torrid sone, acting upon places where it is 
Tertical, insensibly upon confined seas and bays, but sensibly 
en the ocean, whose beds are large, and where the waters 
have the liberty of reciprocation, that is, of rising and fall- 
ing.'^ But it was left for Newton, the greatest of all philoso- 
phers, to determine the nature of the lunar attraction, and 
the laws by which that force is governed. Great as the 
Tolume of wator upon the surface of the earth is, it has a 
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Qgcfllitian, lAiUiig tad llowinff tltnuMf. Ik mm 
haan it riMt from iti lowest to ilt lu^Mot loTel, aiid, tftev 
iMiaiiiiBf stotioiiarj for a few miimtos, daecoodb in Um 
MBo pmod of tniM to tho lotol it hmd it low witter. TIm 
total pifiod thtt iBtervonee botwoen the timee when the aott 
•t wif plMo hu tlM eeme level, it twelf e hoon awl fifty 
■unrtoo; but the timo of high water ie fift^ mimiteo later 
•▼ery day than it wta the day preriooe ; whieh aneiNn ta 
the motioB of the moon riaing later on erery day than on the 
Moedinc, nd peribnninf her reyolntaoa in about thirty 
iaya. Tim cavae atated fanertBy ia the diminotioa of th« 
fiati^ofthe^ 




the earth nearest to the body of the moon most necessarily 
hti ttott of its attraethre force, for the power «f jnavity in- 
oraaaea as the aqnate of the diataaoe deeieaaea. Ae wateM 
•t d^ that ia^ the aide of the earth near the moon, will be moia 
iittmeted than the centtal parte a «, and theae more thaft tha 

rwlce side h. It must also be taken into oonsMefation, that 
foree of aitraetion aista in right lines, and when it ope»> 
ates upon %he edges of a body, as at a and c, it most depraaa 
t«ther than raise the fluid, for it drawa it away as iar aa poe- 
■Me to the point neaceat the auraetif e body. But at the 
tame time the water will tiae on the aide of ^e earth diatiat 
from the mooni— the ocean, therefore, assumes a sahovoidal 
form in both hemispheres, and there will be high tide at 
places situated opposite to each other. But the moon ia not 
the only body that exerts an attraotive foroe upon the ooestt : 
the snn is also setiTe, and, in fact, all the planetary bodieo, 
fbr every particle of matter has an influenoe upon every othst 
particle, llie snn beinff greatly superior in sijw to the moon, 
it might be supposed that it would have the greater efffot 
npon the waters of our planet ; but, as tt» distance ia ineott 
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tenbly greater thsn that of the moon, it has a much less ef- 
fect. But still it is necessary to take its influence into con- 
sideration ; and as the subject is one of the most inter- 
esting and in^>ortant connected with the phenomena ob- 
seryed xxptm the ocean, it will be necessary to examine it 
with some degree of particalarity. 

It may not be very clear to a reader why the waters should 
rise on that side of the earth most distant from the moon, 
though he may perfectly understand why they are elevated 
on the side near to her. If it be borne in mind that the 
water is drawn towards the body by the difference of her at- 
tractive power at the surface and the centre, the whole mat- 
ter will appear distinct. The ocean on that side the earth 
near to the moon is drawn towards it, because it is more at- 
tracted than the centre ; and the ocean on the opposite aide 
rises up, because the centre is more attracted than it, and 
the water acts as though it receded from the earth's centre, 
beinff less operated upon by the attractive force. 

Without entering with any minuteness into a considera- 
tion of all the important questions connected with the origin 
and inequalities of tides, th^e are two subjects worthy atten- 
tion ; the origin of high and low, neap »nd spring, tides. 

The moon crosses the meridian of any place on the earth's 
surface once in twenty-four hours fifty minutes, in conse- 
quence of the diurnal revolution of the earth. There must, 
werefore, be a high tide at every place once in twenty-four 
hours fifty minutes, that is to say, when the moon crosses its 
meridian. But the time of high, tide does not coincide with 
the time when the moon \^ on Sie meridian of the place, and 
the cause of this is evident ; for the water, havmg received 
motion, continues to rise ^ter the moon has passed from its 
meridian ; and although the moon's greatest power is after- 
ward exerted upon other spots, yet it continues to attmet the 
. waters at this place, though in a smaller degree. But we 
have already seen that a high tide also happens at that place 
most distant from the moon, and therefore there are two 
high tides during one revolution ; and it follows there must 
be two low tides, which happen when the place is removed 
ninety degrees (torn those relative aspecta in which it suffer- 
ed high tide. 

In this explanation we have omitted to consider the influ- 
ence of the son ; but although this body is at so much greater 
H h 3 • 
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I froD tha Mrtfa thBB tha nftoon w to hi,^ t miieii 
ItM «ff«et oyoii the ocetm, j%i it eaniMt b« alt^g«t)ler anno- 
tkad in a theory of the tides, for it aeU in the same muuMv, 
tiwiigh in a less degree. Then are -times when the son and 
Booa act together open tlie oeesn, and it is tfasn that the 
waters rise the highe^ and «• hers spring tides ; there aio 
other timei when the moon sets in oppoeition to the son, and 
there are then neep tides. If the moon moved in the piaiie 
of the eqaator, the hishest tides wodd alvrays be ander the 
oquator, end in the pMSr sees there woold be no tide. Bot 
as the moon moTse m a path inclined sereral degrees to the 
pkne of die e^foalorf yarious parts of the esiSi's sorfaoe 
\ coma SDceessitrely nnderito infloenee. At the time of 



new and lull moon, the two himinanes co o per t te.fa raising 
the waters of the eaeaa, and spring tides are produced; 
when the moon is in her ^lusdratnres, the lomaiaries o|^>ooe 
each other, and nsap tides are the result. On aecount of 
the counteracting foices produced by the difiereace in the 
motions of the two attractindr bodies, them must necessarily 
be a great irregularity in the tides ; and to deUn^e ^ 
period and character of these requires the application of e 
precise analytieal reasonhig. But it may be mentioned that 
to the existamce of this opposition of forces we mi^ trace 
the origin of the eircumstance, that the highest tides an 
always within dM tr^ics, asfd the k>west within the polar 
circles. 

There are other iireglilarities in the tides besides those 
we have already mentioaed, and we mayespecialhr notice 
the disturbaiKe end cdistruction oC the water fesulcing fimn 
the obstacles ofiersd by banlM and projecting masees^land. 
The tides in bv^, golfr, or harbours, situated on the sane 
^ore» maybe Very different, though, if there were no such 
dislQTbiag causes, they would be et^ual as to tiie ciieum- 
stances of time a»d height Local situation must, therefore, 
be eonaidefied in estimatii^ the height and time of high tide. 
The tideof the Qerraan (%eatt re<}uiree some hours to make 
its way up tho narrow channel of the Thames to London 
Bridge. On some of the islands of the South Sea, the tide 
does net oidinaaly rise more than two f»et ; at AnnapoHs, 
in the Bay of Fundy, it has an elevation of 130 feet ; «id at 
St. Maloes, in Bre«agne, and at Bristol, there Ib a difference 
ol fil^ fint betwoen high and low water. Thesofaotewil 
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t>e sufficient to prore the influence of locality Upon the tide* ; 
and we mi^ht nave mentioned the effect of wind, increasing 
or restrainmg the rise, according to circumstances. 

0USSBNT8. 

We mast now advance to a coneideratioB of the third kind 
of motion to which the sea is 8ubject,-^at produced by cur- 
rents. These currents have been sometimes arranged in 
classes, aeeording to the cifcuaMtances which regulate theix 
motion, some being constant, some periodical, and others tem- 
porary ; but it w^l not be neoessuy that we should confine 
our remarks in this general sketch to the classification here 
marked oulk In relatito to their cause, we must speak much 
less decidedly than we did in the deseription we ^e of the 
tides ; but we migr imagine several agents to assist in their 
|ffoduction. The difference of temperature or saltness occa- 
sioning a dififerenee of spedfie gravity — the action of the air 
in violent motion^— the periodical melting of the polar ice, at 
unequal evaporation^ may occasion a current, or two or more 
of these causes may act together to effect the same residt. 
It Is extremely difficult, in the present state oi our JcUowledge, 
to assign either one of these causes as the positive origin of 
a current 5 the state of our information on this subject is 
rather negative than positive ; it is often possible tossy what 
is not a cause, when the cause itself cannot be ascertamed. 
We shall, however, only attempt to trace the direction of one 
of the most important, constant, and periodical currents af* 
dieting the ocean. 

The Florida, or Gulf Stream, is otte of the moet singuhur 
phenomena ra hydrography; — ^it is » perpetual current of 
Xvater, rising m the Oulf of Mexico, and ficming in a curved 
line mio the Northern Atlantic. The direction of this cur- 
rent is, in a great measore, to b» attributedto the obstacles 
thrown into &e way of the various and univerftal movemento 
lo which the water k perio^calhr subject. This will appear 
evident if we trace the motion of the sea, and the direction it 
takes. It is proved, by the masses of ice and other sub- 
itanees floated from the polar regions towards the equator, 
that there is a general movement of the ocean in that direo* 
tion ; and, it wfll be remembered, that it was this cuitent 
that caused the fistilure of Captain Parry's last attempt to ap> 
preeoh the Koidi JPoIe, the cnnrent driving hH veasel mmb 
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iitpidly towardt Cha soath than he could advanee to the 
north. It it quite posaible that the action we have alreadj 
deecribed in nferenca to the atmosphere may be going on in 
all coUectionB of water ; and there may be an apper and an 
ander current, a stream of cold water rushing to the equattH-, 
and streams of heated water towarde the poles. But the 
water of the aictic regions is urged to the tropics, not only by 
its lower temperatuie, but also by its being less attracted by 
the heavenly bodies. Now, as this mass of water ad?ances 
towards the equator, it comes under the influence of a greater 
centrifugal force ; but, being unable at once to acquire the in- 
ereaainf motion of the earu, it is left behind, if we may so 
■peak, by the earth, which is turning from west to east, and it 
has consequently the appearance of a general mOToment from 
oast to west But this effect is aidra by two causes ; the 
motion of the wind, and the tides. The tradewinds have, 
18 we have already seen, a general westerly direction ; and it 
has been observed by all navigators, that wh^ the wind acts 
for any considerable time upon a body of water, it never fails 
to form a superficial current, moving in the same direction. 
But the tides also, where uninfluenced by the land, have the 
■ame direction ; so that there are three causes acting in con- 
cert, all assisting to produce a westerly current. But this ef- 
fect is modifiea by the conformation of coasts, and 1^ the 
other obstacles thrown into its path by the channeb in which 
it flows. By this general westerly movement, the waters of 
the Atlantic are thrown from the coasts of Europe and Africa 
towards the eastern coast of America. Without attempting 
to trace the course of the Gulf Stream here produced, or the 
geographical formation that alters its direction, it may be 
aUted, that, entering the Gulf of Mexico, it passes along the 
Mexican coast to the southern extremity of Florida, where it 
changes its palh, flowing northward with great impetuosity 
through the Gulf of Florida, and, after some variations of 
course, is brought to the southern extremity of Newfoundland. 
It then turns to the eastward, and, successively passes the 
Azores, the Straits of Gibraltar, Madeira, and the Canaries, 
completing its course by a union with the westerly tropical 
•conrents. 1 

There aro many other permanent currents of great iaipor-«' 
4anee to the navigator ; and those that are perio£cal are not 
less worthy hit attention, and might be pvepei^ refen«d to 
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ibaiMMpraiBtkalin>fkthaht}ii«u]At«Bdeatob«. Bdtth^ 
itadtr may obl«ia an iiUa of the great iapadiment or tMis*- 
aooa thcsa oairanta an to the aairigator, frofli a itatemeixt 
Mftde by Biteti Hiiaboldt>^4liftt the Ghilf Stream, kk the 
iweaty«>8Utth and tweuty-terenth degrees of Ittitude^ luofefe 
with a teloeity of eigh^ ixiQe« in twenty-four houri. 

oftTkiiOAL <30itPoeiTioii or svasTAiroBfl. 

Having explained tke most important appearances present- 
ed by land and water, we might now, in the order of oar sub- 
ject, direct the attention of the reader to an inquiry into the 
composition o^ the bodies which constitute the earth. But 
here We should start into a subject which it would be im- 
possible for us to explain in the limits of a few pages. This 
work, however, must be left in a state of sreat incompiet«> 
jiess|, if some attempt be not made to put the reader in pos- 
session of so much mforraation, at least, as shall enable ninU 
to understand the composition of bodies, the elements of 
which tbey consist, and the laws which govern their union. 
The sciences of chymistry and mineralogy are now both open 
l>efore us ; sciences which, during the last few years, bav6 re- 
ceived perhaps greater additions than all others, and now in^ 
body so vast a number of facts, that it is only by considerable 
and ionff-continued attention to these interestina branches of 
knowledge, that the student can become perfectly acquainted 
with them. But, at the same time, it may be remembered, 
as an encouragement to the study, that all the economical 
processes ate regulated by their decisions, and there are few 
subjects so interesting in themselves, or leading to so useful 
results. But we can only refer to those general principles 
which may enable us to explain the constitution of the sub- 
stances fonning a part of the earth*s body. 

BLKMVMTABT SUBSTANCBS. 

The simpUdity of the means employed by the Creator to 
aocOtttplish his objects is peculiarly evident in nature. The 
hypotheses of men are complex, and overloaded with machin- 
ery i the methods adopted by the God of Nature are simple 
fetid effective ; and as science opens successively the pages 
tipoti Whkh the history of materiahtexistenoe is written, we 
are sntprieed that «n explanation sKimple should not hate 
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htim Immediatolj dkc<yvered. The lawi wfaich ffOYon mst^ 
tor aie univenal ; and, when once imdentood, oiei a temdy 
Mbnation of a great Tariety of appearances, though c^tain 
winate differencet may he obeervea, aiiung from either tfaa 
juttQie of the subetance upon which they act, or the ciicnm- 
stancea under which the forces are developed. But this sim- 
plicity of design is equally evinced in the constitution of bod- 
ies. All .the eircumstaoces of motion and rest to which bod- 
ies are subject can be traced to gravitation and centrifugal 
ibrce, and their composition is attributable to the forces of 
cohesion and chymical affinity, — the number of physical forms 
which bodies ma^ take are few, bein^ either solid, liquid, or 
gaseous, and Uieir chymical composition is directed by laws 
not difficult of explanation. 

Although a superficial examination of the various sub- 
stances composing terrestrial bodies veould lead to a sus- 
picion that there roust be an immense number of element- 
ary principles, when the means offered by chymistry are 
employed, it is found tbat all, or nearly all, substances are 
compounds, and that their varieties of form, character, and 
properties, are to be traced to the admixture, in different 
proportions, of a few simple principles. According to the 
present state of chymistry, there are mly-four elementary sub- 
stances, or, in other words, substances which the chymist 
has not yet been able to decompose. Many of these possess 
properties in common, while others are perfectly opposed to 
eacn other in character and effect ; there are some which 
readily unite with others, and are found abundantly in nature ; 
there are others which can scarcely be made to enter into the 
same combinations, and are rarely found ; some are essen- 
tially necessary for the maintenance of the present condition 
of material and animated nature, and others seem so unim- 
portant that their annihilation would not, in the slightest de- 
gree, affect any of the present arrangements of nature. For- 
ty-one of these simple substances are metals, and these con- 
stitute, in combination with each other and with other sub< 
stances, the greater portion of matter as exhibited upon the 
surface of the earth. The follovdng table gives the names of 
the elementary principles now known to chymists ; and, with- 
out entering upon a description of all their propertiea, th^ 
means by which they were discovered, and tne compoundb 
they form, we shall state so many of th^ir. pecuUanties m 
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may enable the reader to understand (ih'e remarUe to be alUf 
ward made upon the conatitution of land and wator :— 



L Oxygen 
% Chloiine 

3. Bromine 

4. Iodine 
6. Fluorine 

6. Hydrogen 

7. Caibon 

8. Nitrogen 

9. Boron 

10. Siljicon 

11. Photphorus 
Id. Sulpbar 

13. Silenium 

14. Anenic 

15. Antimony 

16. Tellurium 

17. Chromium 

18. Uranium 



19. Vanadium 

20. Molybdamum 

21. Tungsten 

22. Titanium 

23. Colund>him 

24. Potassium 

25. Sodium 

26. Lithium 

27. Calcium 

28. Magnesium 

29. Strontium 

30. Bariem 

31. Alumiiinim 

32. Glucinium 

33. Yttrium 

34. Zirconium 
35^ Thorium 
36. Iron 



37. Manganese 

38. Nickel 

39. Cobalt 

40. Cerium 

41. Zinc 

42. Cadmium 

43. Lead 

44. Tin 

45. Bismuth 

46. Copper 

47. Mercury 

48. Silver 

49. OoLd 

50. Platinum 

51. Palladium 

52. Rhodium 

53. Iridium 

54. Osmium. 



. Oxygen ia a gaaeona subatance, and eziata in (^eat abun* 
dance m nature, combining more or less readily with all sub- 
st^ces; forming, aceordin|f to the quaatitiea m whiehk 
diymically combmes, oxydes of those bodies and acids, ft 
enters into the compoeitien of both air and water, is the best 
supporter of combustion, and is essential to the existence at 
both animals and Tegetabies. As it unites with so many sob* 
staneee, it may be wtained from several sources, but it is 
nsodly procured fifom the peroxyde of manganeae. 
• Chionne ia a gaa, bat it never occurs in this atato in na* 
tare ; but in combination with some metal or other substance, 
from Which it may be abstracted by a chyinical^ proceaa. 
When it combines with aodium, of which metal soda is an 
oxyde, it forma the common seasalt, or chloride of sodium* 
and ftom thia it may be abundantly collected. It has a yel- 
lowiah ffieeii colour, an astringent taste, and is destructiTe to 
koman me, producing a violent spaam of the glottis. 

Bromine and iodine are both foand in combination with 
•ther bodies, most frequently in seawater, and in email quan- 
titiea. Iodine ia the more important of the two, fonna aer* 
«ral eonqMands, and ia uaefol in medicine and the arts. 

Fluorine ie a priaciple firand to exist in the mineral called 
HUM spat. It baa not yet been obtained in a jteifeotly pan 
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■iHto. The ftiorie teid gsa, into fhm mmpoM&a of wUdi 
the fluonae ODten, is ftmarkablo lor its propeity of conaioig 
glass. 

Hydrogen, or, as it ha« been called, inflammable air, is oqo 
of the component parts of water. It is an exceedingly inflain- 
mable substance, m, when wuted with oxygen gas, explpdfs 
with great violence on the appheation of a flame, and produces 
water. It is an ingredient in many other compomids, sod sus- 
tains an important place in tiie constitntion of those w^ii^h 
appear to be llie mpst essential to animikted beings. 

Carbon or cKarcoal is another elementary princi[p]e, an^ 
enters into ^ tomposition of all vegetable and many wmf4 
substances, and is also found in the nuneral kingdom. T%f 
diamond is a eiystaUized oarbon. Carbon and OKygen eomr 
bined pvednce carbonic aeid, a substance formed in lar^ 
quantities in the atmosphere. It unites with many other 
bodies, both the earths and the metsJs. 

Nitrogen constitT)tes four fifths of atmo^berio air, and i$ 
an inffredient of animal substaiices. This element is re- 
naricsble ^r its nemtive qualities ; it is neither combostlNe, 
BOr a supporter of eombustioB ; neither acid nor alkalino. 
Ko animi^ can exist in it ; not because it has any inpnioas 
effect upon the lunge, but solely from the absence ofozygeik 
Nitrogen, however, wh«i it combines with oth«' snfastanoc% 
ibrms eoflfipeunds which are not distinguished by neg|||tiTe 
qiudities,- but are h^Uy important in the arts and msdieino. 

Boion is a dark atve«eolo«Md powder, and ia the base of 
borax, a substance found in the East Indies, and in the lakes 
of Thibet and China. It has no taste, and is insobible in 
water. 

Stlieon is the base ci silica, or eommen flint, a substaaee 
wery extensively distributed in nature, forming a great portion 
gf qnaitz, giante, sandstone, and other rooks. It ha# a 
hrawB eoloui mock resembling boron, and» like that substaBce^ 
ia highly inflammable. Silica is an oxyde of silieoi^ and is 
produced by its combustion, during wkieh ptoeeesthe oxygen 
of the atmosfiiore unites with it. 

PiKMphorus is never found, in nature, oneoinbined; mm 
can it exist in this state, for it is exceedii^ly combustible^ 
and (aco«rdmg to Br. Hi^fgins) bums at a ten^Mratiiro of 9^ 
Fabrenhttt, m alauisphenc au. It combing with nesirly aQ 
Ike sqetaK t^o earths, and Oie prkkaples afaoady dea«nk«l. 

g^ulphur is sometimes found in an uncombined statOi and 
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•fpeciaily as the product of yolcanoes. It is a lety abundant 
pnnciple, and, anitinff with the metals, produces many com- 
pounds ; it is also found in almost all animal and many 
Tegetable products. 

Silenium was discoTered by Berzelius, but its quantity in 
nature is so small, that it is difficult to say what purpose it 
can have to accomplish. It is usually combined with sulphur. 
Silenium forms two acids with oxygen, and a deleterioua 
gaseous compound, hydrosilenic acid, with hydrogen. 

Having explained the characters of the non-metallic ele- 
mentary principles, we must now proceed to a consideration 
of those which are metallic. Of these there are forty^one, 
and they are usually found in combination with other metals, 
acids, oxygen, or sulphur, from which they are separated by 
fusion or 1^ the voltaic battery. They are differently classed 
by chymists, but the order in which they are mentioned is not 
a matter of much importance in our inquiry. 

Arsenic sometimes occurs native, but it is usually in com- 
bination with cobalt or iron. The white arsenic of commerce 
is not the pure metal, but contains oxygen, and is the arse* 
nious acid. This and the arsenic acid are known for their 
extremely poisonous qualities. Pure metallic arsenic has a 
bright bluish-white colour, a crystalline texture, and is very 
brittle. When cold, it has no smell ; but its vapour has the 
odour of garlic, by which the metal may be always dis* 
tingaished. 

Antimony was discovered by Basil Valentine, in -the fif« 
teenth century, and is said to have. received its name from 
the circumstance that several monks were killed by taking it 
is a medicine. It is sometimes found native, but more fre- 
quently as a snlphoret. The metal has a bluish-white colour, 
eonsiderable brilliancy, and is very brittle. The oxydes of 
antimony are used in medicine. 

TeUuiium, chromium, uranium, ranadium, molybdesnum, 
tungsten, titanium, and columbium, are not abundant in na* 
ture, and, excepting chromium, which is sometimes used in 
the preparation of colours, are useless in the arts ; the mere 
mention of -their names will therefore be sufficient. 

Potassium is the base of that well-known alkaline sub* 

stance potash, but is never found in its metallic state on 

account of its great affinity for oxygen. Potassium has a 

white colour) aiM a lustre resembling that of polished sihrei; 

li 
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Poteth is an impoiUnt ingredient in minenl, animal, and 
▼eMtable piodiictioni, and etpecially in the last. 

Sodiom greatlT reeemblee potassium in iu propertiea, 
thoo^^ it in less fdsible, and has not so strong an affinity for 
ozjgen. Soda is an ozyde of sodium. Conunon salt, which 
•ccun as a mineral, and is a principal ingredient in seawater 
and in manj spring is a chloride of sodium, though this sab- 
stance is never qute pure ; it is commonly united with smsU 
quantities of the sulphate of magnesia and lime, and the 
chloride of magnesium. 

Lithium is the metallic base of lithia, a substance found in 
a mineral called petalite by M. Arfwedsen, and since found 
in spoduaeiie, lepidoUte, and other minerals. Lithium is a 
white-colomred metal, and has a great affinity for oxygen. 
We are indebted to Davy for the Imowledge of lithium, po- 
tassium, and sodium, all of which were detected by the appli- 
cation of voltaic electricity to their several ozydes. 

Calcium ia the base of lime, and is a white metal of great 
brilliance. Lime is one of the most abundant principles in 
nature; many of the laisest mineral masses are entirely 
composed of this earth. It also enters into the composition 
of animal bones, and is found in nearly all collections of 
water and in springs. 

Magnesium resembles calcium in its properties, and is the 
base of magnesia. Thia metal has the cmour of silver, and 
a metallic lustre. Msjpiesia occurs abundantly in nature, 
but it does aot, like Imie, constitute large masses ; thou^ 
blended with other compounds, it is frequently present m 
rocks, and is always found in animal bodies. 

Strontium, the base of strontian, is a heavy metal, and not 
abondant in nature. Barium is a dark gray-coloured metal, 
that has a strong attraction for oxygep, and is the base of 
baiytes. 

Aluminium is a most important principle, and, although it 
is never found pure, it constitutes, when combined with oxy- 
gen, one of the most extensively distributed mineral sub- 
stances. Aluminium is the base of alum, clay, and other 
mineral con^unds, but does not seem to form any part of 
organized bemgs. 

Glucinium, yttrium, zirconium, and thorium, are metallic 
principles dtKovered by the analvsis of some rare minends. 
They snpear to exist in ver^r small quantities, and it is there- 
fore on(y necessary that their names should be mentioned. 
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Iron 18 not only a valuable substance as connected with 
the arts, but it is so abundant in rocks, as to derive impor* 
taoce as a constituent of the earth's crust. It may also be 
detected in animals and vegetables, and frequently acts as a 
colouring matter. Iron has been rarely found in a native 
state, except in meteoric stones, which also contain nickel 
and cobalt. It is frequently combined with oxygen and sul- 
phur. Those minerals which contain iron in sufficient quan- 
tity, and in such a state as to admit the extraction of the 
metal for economical purposes, are called ores of iron. 

Manganese is never found in a metallic state, for it haa 
80 great an affinity for oxygen, that it is oxydised by mere ex- 
posure to the air. It was first procured in a metallic form 
by Gabn, in the year 1775. Manganese is a bright metal, 
of a darkish-white colour, brittle, but hard. It coim)mes with 
oxygen in five different proportions, and in these states is 
found in nature, but not m great abundance. 

Nickel is a white, ductile, msiileable metal. Its principal 
ore is a copper-coloured mineral, called kupfer, or copper 
nickel, which is an arseniuret. It is not abundant as a 
mineral, but is found in nearly all meteoric stones. 

Cobalt is a grayish-coloured metal, brittle, and difficult of 
fusion. Both cob^dt and nickel ob«y the magnetic force. 
The ores of cobalt are procured from Sweden, Saxony, and 
from some parts of England. 

Cerium was discovered in the year 1804, but its properties 
«re not known, and it has been obtained only in very small 
quantities. 

Zinc is one of the most combustible of all the metals* has 
a Uuish-white colour, laminated texture, and great fusibility. 
Calamine, a native carbonate, and blende, a native sulpfanrat, 
are its most important ore& 

Cadmium is a soft, ductile metal, usually found in combi- 
nation with zinc. It was discovered in an oxyde of zinc, in 
the year 1817, by Stromeyer 

Lead is chiefly obtained from a mineral called galena, which 
consists of le&d and sulphur. The ores of this welUknewn 
metal are very abundant, and the metal itself is extensively 
employed in the arts. 

Tin was known to the ancients, and Cornwall has been 
long celebrated for its production. It chiefly oocurs as an 
oxyde among the primitive rocks. Tin is a white, malleable 
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metal, and m ezteDahrely oaed m the arte, and in the minu- 
facture of metallic roods. 

Bitmath is a reddish-white laminated metal, and is found 
native, as well as in combination with other substances. 

Copper is one of the most abundant of the metals,- and ia 
chiefly obtained from the native sulphuret, thouffh it is also 
found in its metallic state. It may be distinguished from all 
other metals, except titanium, bj its red colour. 

Mercury, or quicksilver, is the only metal that is fluid at 
common temperatures. It is (bund in various states, both 
native and in combination, chiefly with sulphur. Mercury 
freezes at thuty-nine degrees below zero of FahrenheiVi 
•cale, and in Hudson^s Bay it was not only solidified, but 
beaten into sheets as thin as writing-paper. The meicmy 
of commerce is chiefly obtuned from Spain and Peru. 

Silver is found native, and in combination with sulphur and 
several of the metals» Although this metal has a ^at com- 
mercial value, yet, as an ingredient in the composition of the 
earth's crust, it is very unimportant. It has, however, many 
properties, such as malleability, ductility, and tenacity, which 
would make it valuable in the arts, if it could be obtaiiied f<Hr 
■Dch purposes. 

Gold has always been found in a metallic state, either pure 
or in combination with some other metal. Gold is chie^ 
obtained from Africa and South Amenca, but in so smaU 
quantities, that it must be considered as an unimportant min- 
eral principle. 

Platinum i» the heaviest of all metals, has a brilliant white 
colour, and is very ductile. It is found in many parts- of South 
America, and usually in grains. The largest mass ever 
found, now in the Royal Aluseum at Madrid, does not weigh 
more than a pound and three quarters. 

Palladium, rhodium, iridium, and osmium, are also ob- 
tained in very small quantities, and together form so incon- 
siderable a portion of the earth's crust, that we need not take 
anyfarther notice of them. 

This very general sketch of the character and properties of 
the elementary principles of which all things we behold, and 
the earth itself, so much of it at least as we are acquainted 
with, are composed, may assist in explaining the constitntion 
of land and water. But, before any idea can be formed of the 
manner in which these principles can be so combined as to 
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piodace all the Tarieties of constitution which characterize 
land and water, it will be necesaaiy to understand the formap 
tion of the elementary bodies themselves, and the laws bjr 
which their combinations with each other are produced. In 
the vast laboratory of the earth, these principles have been 
at various, times so submitted to each other, as to produce the 
compounds which axe now found in large masses, constituting 
rocks, and in smaller portions as mineral specimens. But 
all these compounds have been formed in obedience to the 
same general laws as now influence the union of particles and 
masses, and it is upon our knowledge of these laws that we 
must depend, for an explanation of the many difficulties that 
are felt in accounting for the present state of mineral and 
other compounds. 

COHESION. 

It was' long supposed that matter might be divided without 
end, and in one sense this is true ; but there can be no doubt 
that it consists of ultimate particles or molecules which are 
incapable of division or change. A knowledge of this fact is 
not obtained by the actual observation of the particles them- 
selves, but is deduced from the circumstances under which 
the elementary principles and their compounds unite togeth- 
er. It is not necessary that the idea of size should be con- 
nected with our conception of ultimate particles ; but, from 
.our knowledge of the jgreat divisibility of matter, it is certain 
that they are inconceivably minute, and are far beyond the 
limits of our senses. Whether we examine mineral, vegeta- 
ble, or animal substances, we may find evidence of this fact. 
Animalcules have been discovered, by the aid of strong mag- 
nifying-glasses, so minute, that a million of them would not 
have a magnitude so great as a ^ain of sand ; and no dis- 
covery is more calculated to convince us of the great divisi- 
bility of matter ; for those #peatures possess all the organs 
and members -calculated to assist them in locomotion and in 
the supply of their wants, which are as real as those of larger 
animals. But, although thev are minute, that on which they 
subsist must be smaller, and it is possible that animated be- 
ings, lower in the scale of existence than themselves, may be 
their prey, as they are the prey of larger animals. In this 
way we may trace matter in forms of such minuteness w. to 
i^ttde coDceptWn m well m aifffat. 
Jin 
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But although matter may exiat in thia extremely mimito 
form, and be diviaible, there ia a limit beyond which it cannot 
be divided; there are ultimate particlea of matter. Ereiy 
eobatanee, therefore, conaiata of a nmnber of ultimate parti- 
clea, which are miited together by aome force, and thatforea 
ia called coheaion. If there were not aome power by which 
the molecnlea coald be boond together, all matter mnat exist 
in loose unconnected parte, and none of the atatea of matter 
now obeerred could erer have been broiM[ht into being. But 
this cohesive force ia not equally powerral in att circumatan- 
cea ; and it ia for thia reason that matter may exiat aa a solid, 
a liquid, or a saa. It ia strongest in solids, though the parti- 
cles of all solids are not combined by foicea of the aame inten- 
aity. There are subetances, the moleculea of which iqppear 
to nave a large aphere of attraction, and hence they j 



the property of elaaticity. India-rubber, aa a familiaT ex- 
ample, may be drawn out to a great length, which must 
cause a separation of the particlea to a much greater diatance 
than they ordinarily assume ; but, aa aoon as the force which 
separates them ceases to act, the}r are a^ain dravm to each 
other, and appear to assume their oriffinal poaition. The 
same force may be applied to the metab, but extension can- 
not be produced ; and, if the power be increaaed until it over*- 
comes the cohesion, fracture is the result, not elaaticity. From 
this simple experiment, then, we may learn that the force of 
coheaion varies in solid bodies, in some instancea having a» 
large a sphere as to admit of great expansibility, in others a 
smaller sphere but greater power, varying in both theae 
characters according to the nature of the ultimate particles. 

Solidity is an accidental circumstance, if we may so de- 
nominate a state that is governed by fixed and immutable 
laws. These laws, however, are not of such a nature as to 
prevent a solid from taking any other form ; but we find, on 
the contrary, that, under different conditions, it may become 
a liquid or a vapour. In the production of theae changes, 
heat is the primary agent ; entering among the elementary 
particles of a substance, it becomes, in fact, a part of it ; and 
if that substance be, in a solid state, a aimple body, of which 
a doubt may be entertained, it ia no longer ao whien it takea 
the liquid or vaporous condition, but is a compound of an de- 
ment and caloric. The parts of a solid are anpposed to have a 
fixed and permanent position, ao that the moTemeot of one 
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particle gives motion to all ; but fluidity ie cfaaracterised, and 
ID fact produced, by the unrestrained motion of the particles 
among each other. The cohesive force must therefore be 
stronger in solids than in liquids. Gases and vapours may be 
almost supposed to result from the destruction of the cohe- 
sive force ; it is, however, so neutralized by the principle of 
heat, that the particles before united by a powerful attraction 
are now separated by a not less enerffetic repulsion. 

Philosophers are undecided as to the origm of the proper- 
ties of matter, such as hardness, tenacity, toughness, ductil- 
ity, and others; and, in fact, some difficult questions. must 
be decided before any show of certainty can be attached to 
the theories which have been proposed. There are four hy- 
potheses that may be entertained. We may suppose the 
properties of any body to result from the varied intensity of 
the cohesive force ; but then we are required to riiow the 
causes calculated to effect an alteration in its intensity, when 
operating upon elements and compounds, and by what pro- 
cess it can make one substance more ductile than anomer. 
If peculiarities of physical character be assigned to the mat- 
ter itself, it will be necessary to prove that there is an essen- 
tial difference in character between the maHer of one sub- 
stance and another, and that the properties by which they 
are distinguished are not attributable to the variety of cir- 
cumstances in which matter may be placed. To attribute 
them to the form of the particles, is to mvade the elements of 
all philosophical knowledge. The peculiar combination of 
particles is sbmetimes urged as a reason for the properties 
of matter, snd the explanation is recommended to us by 
many arguments, and supported by a knowledge of facta. 
Viewed alone, it is an inefficient cause ; but when it is ac- 
knowledged that the agents which act upon masses have a 
similar influence upon particles, nearly all difficulties vanish. 
These remarks lead us at once to consider the phenomenon 
of crystallization. 

CRYSTALLIZATION. 

Frequent mention has been made of crystallization, as t 
distinguishing property of rocks. Minerals may be formed in 
irregular shapeless masses, or they may, by the arrangement 
of their particles, take regular geometrical forms. The efiecta 
which are observed in nature may be produced at pleasure in 
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the laboimtttj, and cooMqnentlj th« philosoplMr may esti- 
mate Che eaoMs which produced the one by a knowledge of 
those which accomplish the other. When a fluid gndaally 
•ssumes the condition of a solid, the particles having free 
exercise among themselTCs, nndistorbea by the motion of the 
mass, they osaally oiystallise. Snbstances do not take forms 
at random, sometimes assuming one kind of crystal and 
sometimes another, but have shapes peculiar to themselyes. 
Fhior spar crystallizes in cubes, calcareous spar in rbombo- 
hedrons, and other substances have determined structures, 
so that there appears to be a cloae connexion between the 
character of a substance and the form of its cirstals. This 
fact is of great value to the mineralogist and cnyraist. Ex- 
ternal characters in general are calculated to mislead, and 
can never be employed by those who hate not been long in 
the habit of examinmg mineralogical specimens. Many sub- 
stances may have the same colour, briUiance, degree of hard- 
ness, and other properties, so that these are not peculiaritiesv 
though they are, in a limited degree, points of distinction. 
But all these pn^rties may be lost by a partial admixture 
with some casual ingredient, or by the circumstances under 
which the body possessing them was formed. The same re- 
inarks cannot with equd propriety be applied to crystalliza- 
tion. An observer may, without doubt, state wha^ a sub- 
stance is not, by the form of its crystals, diough he may not 
be always able to state what it is, as many substances mav 
take the same form. We may, however, depend with much 
more certainty upon crystallography than upon the ciicum* 
stances of colour, hardness, and' other properties, which 
are valuable secoi&dary guides mider the direction of the 
other more ^>plicable principle. 

Without entering farther into the discussion of this inter- 
esting branch of science, or referring to the discovery made 
by Professor Miohterlioh, that various substances have the 
property of assuming the same crystalline form, and may be 
substituted for eachDther in coipbin^ition without afiecting the 
external character of the compound, we shall at once proceed 
to mention the difficulties which attend the explanation of 
this phenomenon. Many opinions have beisn, and are, enter* 
tained as to the cause of crystallization. It was once a fc- 
^«urJte theory that the ultimate particles of all matter have 
a spherical form, and that the structure of a crystal might be 
attributed to their fUTaiv«mrat and number, altogether iiide» 
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^ndent of their nature. Professor Michterlich is of opinion^ 
that isomor{^oas elements, that is, elements having the sam* 
form, produce crystals which are similar. Dr. I^out mai]>* 
tains that the molecules of bodies are spheroidal, and are iiH 
fluenced by two kinds of polarizing forces, one acting in th* 
direction of the axis, and the other in that of the equator. 
As the electric and magnetic forces have this relation to each 
other, he supposes them to be analogous to, if not identically 
the same, as the crystallizing forces. ■ This theoiy may b# 
supported by sound and legitimate arguments. 

CHYMICAL ATTRACTION. 

If the particles of matter were acted upon by no other 
force than that of cohesion, all substances would be equally 
zeady to combine with each other. But it is universally 
known that there are some substances, such as oil and water» 
which cannot be mixed together. It is, then, to be deter- 
mined, why some compounds readily unite, and others refuse 
to combine. A force, called affinity or chymical attraction, 
altogether distinct from that of cohesion, does exist, and to 
this may be attributed the choice of substances with which 
to combine, evinced by all. the elementsjry principles. A 
knowledge of the circumstances under which this force acts 
is essential to the chymist, for by it he regulates all his oper- 
ations ; and it is not less necessary to him who confines his 
attention to the operations of nature, for it explains all the 
varied forms he observes in mineral substances. 

Affinity is a force which acts upon ultimate particles, cao»« 
ing different elements to unite and produce substances having 
properties more or less unlike those which distinguished the 
original principles. From this definition it might be ima- 
gined that the sphere of attraction is small, and, in^ fact, it 
only acts when the particles are in apparent contact, every 
cause that separates them having consequently a tendency to 
prevent the operation of chymical attraction. 

Cohesion is a force which opposes and prevents the opera- 
tion of affinity, and this it does by preventing the particles 
from having a contact with each other. Bodies sekiom act 
chymically upon each other in a solid state, fat their particles 
cannot be brought sufficiently near for the operation of that 
attraction which they may have. But, reduce them to a 
liquid form, that is to say, destroy the cohesion, uid the affinr 
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Itf begin to act. Affinitr wiU freqoently operate when a 
Uquid and a aolid are broufffat into contact ; but, to enaure the 
aetion, the coheaion abonld be decreaaed aa much aa poaaible. 
When both anbatancea are liquefied, thia ia accompliahed ; 
§ot, hewerer alight the chjmical attraction may be between 
two particlea, it will be aofiieient to produce the combination ; 
firom which it may be auppoaed that the coheaion of particlea 
ia entirely deatroyed when they are liquefied. Mechanical 
diriaion ind increaae of temperature aaaiat in producin|r a 
■tato more auited for combination, but coheaion exiata atiU ; 
and all theae proceaaea can do ia, to diminiah the enmffj of 
that force, and preaent a larger aurface for the activity of 
diyinical attraction. 

From theae atatementa, it mi^t be auppoaed that elastic 
fluids would readily unite when ^aced in communication with 
•aeh other, the coheaion being in thia inatance entirely de- 
■trcrfed ; but, on the contrary, there are few gaaea that wiU 
do ao, and thia may be attributed to the ^at repulaive power 
which surrounds the particles of matter m thia atate, prerent- 
Ing Uiem from coming within the sphere of chymical attrac- 
tion. Elasticity may, however, and frequently does, act as a 
decomposiog agent, and nothias is more common than the 
separation of two substances fe^ly combined, when the com- 
pound is compelled to take a gaaeooa form. 

' There are other circomatandea which have a tendency to 
prevent the chymical force from operating upon the particles 
of matter ; but, supposing these to be removed, there is aa 
election or choice diaplayed by particlea of one kind of mat- 
tor for those of another, and, when united together, a third 
aubatanee ia formed, diatinct in character and propertiea from 
either of ita eonatituente. 

The moat simple inatence of chymical afiinitr is where two 
substances mix together, as when sugar diaaolvea in water. 
There are aubatancea which will thua unite, and there are 
othera which cannot be combined ; oil will not combine with 
water ; for, however intimately they may be mixed, they will 
separate as-soon aa the mechanical force by which they were 
united ceaaea. Between these extremes, there may be a 
great variety of degree in the power of combmation evinced 
by bodies, being in some instances extremely active, and in 
•then aa weak. 

But affinity is sometimes exercised under 9 ipoce complex 
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form. All kinds of matter axe not attracted with the same 
foroe, but erery particle exercises, as it were, a determined 
choice, always combining with one kind of matter in prefer- 
ence to another. Thus, for instance, a e<mipound, whatever 
its elements may be, which we will suppose to be two, is the 
result of chymical attraction ; but the affinity existing be* 
tween the parts may not be so poweriiil as it would be if ex* 
ercised between one of these and some third body. If, then* 
the compound be presented to this third substance, the pro* 
cess of decomposition and composition will be evinced at the 
same moment. The uifion of the two combined elements 
will be destroyed, and one of them will attract the third prin- 
ciple, producing a substance different from that of which it 
was before a part 

But still more complicated changes may be produced. Two 
compounds may be presented to each other of such a nature 
that one of the elements of each may have a greater affinity 
for an element of the other than it has for that with which it 
is combined. When this happens, a double decomposition 
and recomposition must necessarily be produced. Thus, if a 
solution of nitrate of potash be poured mto a solution of sul- 
fate of ammonia, this double decomposition is effected. 
The sulphuric acid leaves the ammonia and joins the potash, 
the nitric acid leaves the potash and unites with the ammo- 
nia, thus producing two new substances, the sulphate of pot* 
ash, and the nitrate of ammonia. 

The laws which govern the combination of bodies m small 
masses assist us in en>lainin^ the composition and ori^ of 
those substances which constitute the superficial covering of 
the earth. The chymist does but mimic in his laboratory 
the Operations of nature ; and the laws which govern the 
composition and decomposition of compounds in one case 
are equally applicable in the other. In our examination of 
these laws, we have been guided by a hope of explaining 
with the more precision the causes to which we may at* 
tribute the variety of forms, states, and composition possessed 
by matter as it exists in nature. If the surface of the earth 
has been constantly subject to changes effected by the agen- 
cy of water and heat, it is evident that chymical action most 
have been often produced. In rocks universall^jr acknowl« 
edged to havp had an igneous origin, minerals, wluch are but 
the products of the tenestrial laboratory, are fouqil *, and 
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they giTt eridence of the agents that prodnced them. The j 
•re characterized bj the same peculiarities of cryBtallization 
as the compounds more artificially formed, and their ele- 
ments have Deen united by the agency of the same chymical 
attraction. All natural products are decompeeable into the 
few principles described m the preyious pages ; and although 
the forms and properties of their compounds are yariable, 
they are not more so than might be anticipated from a knowl- 
edge of the almost unlimited mterchange of combination. 

i¥hen geological science was in its infancy, obserrers 
were accustomed to examine the mineralogical features of 
rocks with much more accuracy than is now considered ne- 
eessary. The external characters of a rock are found to be 
of little assistance in determining its age, or, in other words, 
its relation to a series. Tliis circumstance has tended to re- 
press among geologists the study of mineralogy, and to give 
a new aspect to their pursuits. But, to say nothing of the 
necessity of the study in the examination of the more ancient 
masses, it may be doubted whether some acquaintance widi 
Aeir character and composition is not essential to a right ex- 
planation of the appearances by which tiiey are distinguished. 
There are many persons who, from the habit of examining 
hand specimens, are ^nerally able to distinguish not only 
rocks, but also the mmerals of which they are composed. 
But dthougfa this knowledge is highly important, it is not afl 
that is necessary ; for, to conduct a mineralo^cal examina- 
tion with a chance of success, the chymical characters and 
composition of the constitoents must be understood ; and 
without this information, not eyen a conjecture can be formed 
as to the circumstances under which many of the masses 
were produced. . 

OeMFOSmON OF WATBR. 

Water is & compound substance, consisting of the two ele- 
inents hydrogen and oxygen. Its most simple state, if we 
may so call it, is that of ice. When we say that ice is the 
most simple state of this substance, we mean that it is tiien 
free from the caloric of composition which unites with it when 
in a liquid or yaporous condition. A mass of icie at 32** 
Fahrenheit must absorb 140® of -caloric or heat, that is, 140® 
inappreciable by the thermometer and the sensation of touchi 
beiore it can be liquefied. 
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It may be proved, in tfae follo«diiff siMimer, that 140^ of 
caloric is necessary to liquefy ice. Take any quantity of ice 
at 32°, and pour upon it an equal quantity of water at 172®, 
the ice will be liquefied, but tbe water will still be at a tem^ 
perature of 32°. From this experiment it is evident that 
140° of heat have disappeared, ibr the water has been re- 
duced to t^ temperature of the ice, which has suffered do 
Other change than liquefaction. Th^e is only one way of 
explaining Uie result that it is here obseryed, auid it is by al- 
lowing tluLt 140° of heat must be combined with the element- 
ary prmciples of water, before their cohesion can be so de- 
stroyed as to admit their assuming a liquid form. 

Water consists of eight parts by weight uf oxygen* and one 
of hydrogen ; and by measure, of two parts of hydrogen, and 
one of oxygen. The compound nature of water may be 
proved by both analysis and synthesis. The simplest possible 
means of decomposition is to pass aqueous vapour over red- 
hot iron in a tube ; but the most satisfactory is that effected 
by the voltaic battery. If two thin wires connected with the 
poles of a voltaic battery be so placed that one end of each 
shall enter a glass vessel, a tube being placed Immediately 
over the point of each wire, a portion of water will be decom- 
posed, and the gaseous products will be collected in the 
tubes. The wire connected with the positive pole of the 
battery gives out oxygen ; that with the negative, hydrogen. 
For tins experiment we are indebted to Messrs. Nicholson and 
Carlisle, and by it we ascertain the proportions by volume in 
which the two gases unite to produce water. But we need 
not satisfy ourselves with this' analytical examination ; for, if 
the products of the decomposition be collected in the same 
tube, and inflamed, they will reassume the liquid state pro* 
ducing Water. But, if we take an additional measure of hyw 
drogen, that is, three of hydrogen and one of oxygen, and 
explode them, one measure of that gas wiQ remain tmcoaii- 
bined. 

Oxygen and hjrdrogen, mixed in the propot tk m to forai 
water by combustion, have been employed l^ Mr. Goxney foi 
the production of intense heat. It is a eingular iaet, th«t 
ihese gases, thus united, are so explosive, that it ie tttisafe t« 
experiment with them except in ve«y small quantities,' or with 
especial provisions calculated to prevent their tUfA&riMk. ■ Mt. 
dumey succeeded ito obtaiftinffsuch means, and tfivonted 1m 
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oKf-hyingm Mg w yipg , wfakh k now M^iloytd ibdbe pmr- 
pOMt of mieiMeopic ethihiliii, 

Itw Mowing diagmn it a npiMratetioB of Gttmey^s 
blowpipe. R is a tdaddw eontaining oxygen and hy<kt>g«ii, 
mizod m tiM propoitiMi aoeonary for the produetion of water. 
8 it a atoo-coek, whkh OMiit or clotet the communicatidn 
betweOB the Madder and toe retervoir (B)y which i« a tmaller 
bladder adopted for thepuipoteof prmrentiogaccident, thoiUd 
the gaaee eralode. F » a board beneath the bladder, con- 
nected with ttnt wfaidi liet upon it by wiret. When die in- 
•trameat it to be vted, a weight, or the hand, is applied to 
this, for the potpoee of driving the gatet through the tnbe 
(8), and from thenee to the jet W it a mf9tf a^aratntb 
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Gumey*s Blowpipe, 
which may be made in several ways, to prevent the £ame of 
the ignited gtt from passing into the bladder B. When the 
gatet are ignite^; and the lame is thrown upon lime, a light 
of the greatest intensity is produced. The product of the 
combustion i» water. 

Water is never found perfectly pure. Rain water, and snow 
when melted, affi>rd the purest kind of water that can be ob> 
tained without distillation, although this Is not, on account 
of the great solvent powers of the fluid, quite ft-ee from ad- 
mixture with other bodies, but contains carbonic acid and air 
eolleeted from the atmosphere. In passing through strata it 
is liable to great alterations of character, by its cambmation 



^ttittL rAiien^ ; ind' tlthongh it does not always liftppon to fiieh 
- sn extent «e to prevent He nee m nature, aiid by man, yet it 
always acts in some de^ee. Now, according to the nature 
of the locks through which the water perccfotes, will be the 
idteratioa effected in the character of the water ; And all min- 
eral springs might be easily accOttnted for, did we know the 
composition of tnei beds through which the waters pass. 

But we can only refer to the composition of seawater, and 
this we must do wiihout entering into those minute analyses 
which have recently received so much of the attention of 
chymists. That which in the estimation of ancient j^loso- 
phers was a pure elementary sobstance, is not only round to 
oe in itself a'compound, but to contain singular combinations 
of compound substances. There is, perhaps, no substance in 
nature thai has e more complicated composition than sea- 
WatM: ; and, if we consider the extent of the ocean, and the 
IfFeat solvent power of the fluid, we might expect to find in it 
an immense Bnmb«r of adventitious substances ; but of all 
these, the most abundant is common salt. It was ooco 
maintained by chymists, that the water taken from different 
^rts of the ocean did not materially differ in composition ; 
•but the experiments which have been made during iIm last 
few years prove that it differs not only in relation to place, 
but IS also conditionally dependant on the depth. Bouillon, 
Lagntnge, and Vo^el, severally examined the waters of the 
English channel, the Baj of Biscay, and the Mediterranean 
Sea, and found them to contain 3.47 per cent, of saline mat- 
ter. Dr. Murray Ofttimates the saline matter of the waters 
of the Frith of Forth at 3.03 per cent. Dr. Fyfe exammed 
the waters collected in the North Seas by Mr. Scoresby du- 
ring his vo3rage, and by Captain Ross in his Polar expedition, 
and the remits lead to the general conclusion, that the waters 
of the ocean, from 61^ 52' to 78^ 35' north latitude, do not 
essentially differ in the amount of saline matter, the maximum 
being 3.91 per cent., the minimum 3.27. The experiments 
made by Pages, on the water collected by him in southern 
latitudes, induce the supposition that the saline matter is 
least abundant in the waters of the northern hemispbere. 
But the most important series of experiments made upon sea- 
water with the new of determining the amount of salme mat- 
ter contained in it, is that performed by the late Dr. Marcel, 
from which the following coQclusions have been deduced :-*» 
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I. TIm pnapoitioa of faline nuttw oontaiaed in the w«tfir 
W U« MMitfatni «€•«& is to that in the nocthtm «• 1.09919 i# 
to 1.02757. 

S. Thtre it no mat difowoe in the pvoportioBf w^ffr 
diftmnt meridiaaa, but the «ea under the equator i^peifv t9 
senge between the two heniapheree. 

8. The waters drawn fiom a great depth de ool gamnl&j 
contain a laigeff qnantity of saline matter than thoee taken 



la lamff i 
Msonaee. 



4. Inland seas are alwajre woch less salt than the oeean* 
and so are those bodiee of water sikvated near to laigs roase i 
es of iee. Inland seas do not contain so laige a qoanta^ of 
ealt as the ocean, on aoconnt of the hoge Tolumes of fresh 
water braoght into them by rivers. Bat the waters of ^ 
Ifadiftenanean contain a Ivger pronertion of salt tbsn thp 



phers to acooont for it, irat now the chief dilHealtjr is to ev- 
■lain the reason why the waters of this sea do not gradnaUy 
iiaeome aalter. Although so large a quantity of water is 
•arrisd into it b^ the nuroeroiu rivers of which it is the baaio, 
yet iits anoont is not mffieient to eompensate for the evapo- 
iBlioii which is going on at its sniiiEice, but it ia snpfilifd, Iqr 
the maintenance of a general level, by a constant owre^t 
liowmg eastward through the Straits of Gibraltar. Now all 
these dmimstances woold apparently tend to increase tlss 
ealtnesa of the Mediterranean Sea, and ultimately eopvert it 
into a saturated brine. The cause which meyeuts this is 
eaid to be an under-current which flows out of the sea Ihfoagh 
the Straita of QibraUar, and discharges the constantly accu- 
mulating ssline matters. There are many facts which stroiMr- 
ly support this opinion. Dr. Macmiohael states, upon the 
nuthonty of the British Consul at Valencia, that some years 
ego a vessel was lost at Geota, on the* African ooast, and its 
vrreck waa afterward thrown up at Tarifia, on the European 
shore. But the most remarkable fact is Uiat recorded by Dr. 
Hudson, in the *< Philosophical Transactions.'' In 1719, M. 
de L'Aiffle, of the Phenix, came up with a Dutch ahip in 
the middle of the Gut,betweai Tariflk and Tangier, and with 
one bmadside sank her. A few days after this, the ahq> rooe 
egajn off the shMe near Tangier, at leiat for lesgufls tp 
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the West of the place where she sank, and it maat Aerefiire 
hare floated in a direction contrary to Uiat of the superficial 
current. 

The presence of saline matter in the ocean is of consider- 
able importance in the general economy of nature. Among 
the most singular effects of this arrangement, we may mention 
that the freezing point of water is lowered, and the tendency 
to evaporation diminished, while at the same time it is better 
suited to sustain all the provisions of animal life. We fre- 
quently trace effects to their causes, without perceiving the 
immediate results intended by the Creator ; but it is well to 
remember that the ultimate object being determined upon in 
the Eternal Mind, the causes were sq arranged as to produce 
effects calcul&ted to fulfil them. 



; CHAPTER X tA- 

. suriRnciAX. tmipieaturi or Tini iahtb. 

Ik tracing the circumstances that give rise to the superfi- 
cial temperature of the earth, it is necessanr to keep in mind 
the difference between that which results from celestial, and 
that which depends upon geographical position. The general 
superficial temperature is regulated by the position of the 
earth in relation to the solar system, and especially to the mm ; 
and it is universally known, that the most mtense heat i» sof- 
fered in, places under and near the equator, and the gftatest 
cold at or near the poles ; the places situated between these 
having a medium approaching nearer to the one or the other 
of the extremes, according to their geographical position. 
But the causes which modify the superficial temperature are 
to numerous, that it is not possible to ascertain the tem- 
perature of any locality without positive ezperhnent. Every 
place, however, is distinguished by a certam mean temperm- 
ture ; and although seasons may vary, and there may appear 
to be an entire change in all the circumstances which have 
distinguished a country from year to year for affes, yet the 
mean temperature remains fixed and unchangeame. /, 

Kk2 ( 
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Ultra tre thwe mbjeeU which draMnd attention iii thra 
ptft of 09I work ; — the season^ climate, aod the Yuiatioiw 
to which the superficial temperature has been subject. 



THE SEASONS. 



There is no part of the earth's surface on which tiie tem^- 
peratuxe is precisely the same at all periods of the year ; 
there are everywhere recurring variations called seasons. 
To understand the origin of the seasons, it must be remem- 
hered, that the earth performs a revolution round the sun^ 
And the period which is occupied in fulfilling that revolution 
» called a year. During this period, a place on the surface 
4>f the earth is exposed to an exceedingly variable tempera- 
ture, which causes the four distinct seasons ; ^rii^, summer, 
autumn, and winter. In performing this annual revolution, 
the axis of the earth preserves the same direction as Aough 
it had no orbitual, aiotion, and is carried round always pre- 
senting the poles to the same points of the celestial sphere. 
In attempting^ to explain the origin of the seasons, we shall 
speak of the orbit of the earth as though it were circular ; 
for although it is really elliptical, its form has little to do 
with the i^roductikm of the ejects to wh^ch we refer. 

Let S represent the sun, and A 6 C D four several posi- 
•doBs ef liie earth in her ori^t. A may be considered ithe 
'vemal e^ioox, of the position of the earth on the 2 1st 44' 
March ; B the «uBUpaer eolstke, or its position on the tlat 
••f June ; C the witwnnal equinox, or its situa^n on th^ 




21st of September ; D the winter solstice, or its position on 
the 21st of December. P Q represents the direotion of thm 
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lois, wtirh it o(4 9^vvi9d : tbw in aa unMiofiiy line iur0midl 
which the «iarth reyQhe*, producing di^ and night. 

Now it is eyident ^h»t the van can diffiifl« its c^loiifie ntyfi 
!oT£r only that half pf the globe ianwd to it ; tnd diie tenr 
jkeratqie of tuiy pUce will be in pr9|H>rtipn to 4he time dx^ring 
which i^ is thus e^Eposed- Upon this aelf^yjdeiit pEiDcipto 
we nuMt fpund ojnr ezpl«nati4»» of the «eM0Bs. 

Whm the earth is ip tjbe venial equinox <A), th^ mm if 
vertical to the intersection of the equinoctial <F £), and th« 
ecliptic (H 6). In this position,, therefore, tiM two poles 
fwill he the confines of th^ enlightened pidet, tnd the day «nd 
fxigjui will be equal all oyer the glehe, {»i ha)f the northern 
and half the southern heuKisphere will be iilnnuoftled at the 
Mine moment. When ijhf earth m situated in the autuauNl 
fiqamoj. (C), the s^jgae effect is produced. 

But we may svyppose the earth to reoMwe from the vfirnil 
jequinoz (A) tp the suimnv s^ietice of Che noithem bead* 
j^^f ^). In thle positioui the m>aoe included within tha 
j^i:tic circle, which i^ a circle having the norUi pole lor it# 
centre, and 23^ 38' as a radius, is constantly enlightened, 
and it has consequently a perpetual day, while to the same 
distance round the souoi pole thwe miMt be constant night. 
^Qnce it follows, that at eyery place north of the equator the 
sun will be, at this time, longer above than b^low the horizon^ 
'and the length of time will be in piop(M:tion to the neamesf 
of ibe place to the poles ; the reverse is true of all places to 
the south of the equator. 

When the earth comes to the winter solstice of th^ north* 
>m hemisphere (D), the south pole enjoys the constant day, 
,and the north an unbroken ni^t. 

These are the facts deduced from almowledg^ of Jthe ireUf 
.tive condition and motion of the earth as a member of ihp 
>olar (system ; but it yet remains to be proved how thesf 
changes affect the temperature of places, causing all tbos^ 
variations called the seasons. The temperature of any placf 
npon the earth's suriace is chiefly governed by its exposure 
to the solar r«iys ; th^ longer the sun is ^bove the honzon of 
any place, the ^greater must be the amount of heat it rece^vei^ 
and the higher must its teipperature be raised ; soi, also, the 
longer it IS beneath the horizon, the greater must be thp 
amount of beat it radiates. The equilibrium of tomperatuip 
Jn Vi)f place 19; therefore, .^v^ported by receiving and parti^ 
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with the Mine emoant of heat daiing a year. When tny 
pUce IB more than twelye hours above the horizon, the tem- 
peratnre will inereate ; when less, it will decrease. Now, 
•s the days lengthen in the northern hemisphere, when the 
earth ia moving from A to B, the temperature increases ; in 
•ne poaition there is spring, in the other summer. From B 
to C the daya approach equaliu, and from D to G they de> 
create ; so that when the earth has the position represented 
ftt D, the northern hemisphere is under the aharp gOTemment 
of hoary winter. From thia description it will be perceiyedt 
that the effects prodaced as the consequents of the annual 
revolution are precisely analogous to those which result from 
the diurnal. If the temperature of any place be taken evexy 
hmir during one day, at no two of the twenty-four will it be 
equal ; and so, if this be done for an entire year, and the 
iaean amount of each day be compared with that of erexy 
dther day, it is not to be expected that any two will perfectly 
agree, but the temperature will be in proportion to the 
period d aolar influence, modified by local and other distuxb* 
mfcaoaea, 

MMJM TBMPEEJkTVKI. 

These are the causes which reflate the seasons, and 
then: influence is felt over the entire surface of the earth, 
though the length of the seasons, and the difference of tem- 

Eiratare between them, may greatly vary in different placea. 
ut this is not the only thinff to be considered in estimating 
the superficial temperature of the earth ; the amount of heat 
received by different places varies according to their positions 
io gelation to the equatorial regions, and consequently theii 
temperatures cannot be equal. As a general law, it may be 
stated, that the mean temperature decreases from the equator 
to the pdiea, and from the level of the sea upward ; both 
these circumstances, however, are to be consiaered in rela- 
tion to a variety of accidental conditions, which frequently 
have a great influence upon their results, 

The term, mean temperature, so Mly expresses the mean- 
ing usually applied tp it, that there seems little necessity for 
a definition. Nothing could be more rash than to pretend to 
determine the temperature of a locality by a single observa- 
tion of the thermometer, and it would be still more absurd 
40 attempt » comparison, upon such a result, widi that of aiiy 
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ofher place. If we wcmid detennine the temperatui* of aagr 
day, and compare it with that of some other day, it would 
not be sufficient to have a recoid of the thormomatar fat 
some one period in each, but a series of obaervationa would 
b« taken, one every hour, for instanee, and the aiim of theia, 
divided by the number of experiments, would give the mean 
temperature. So, in taking the annual mean temperatuse of 
a place, it will be necessary to make a number of obeenra* 
tions, and the sum of these, divided by the aumber of ex* 
periments, will five the element required. The movf fro*- 
quently and regi^arly these observations aie made, the mpro 
accurate will be the result ; and we may be forgiven the 
wish, if it should appear enthusiastic or absurd, that the tern* 
peratare ^ould be constantly registered once in every six 
hours for a feyr years, throughout all the possessiona of the 
British empire, and the diHieulties whieh now surround thaa 
interest!!^ branch of meteorology would soon disappear. 

To a casual observer, climate appeaia to be the moat inegui* 
lar of all natural appearances ; and to euoh a person it mual 
aeem almost impossible to reduce the phenomena into such a 
shape as to bear the semblance of a law. Those who havo 
merely noted the atmospheric phenomena from day to day« 
qr from month to month, may be able to inform oa how much 
hotter or colder a particular day, month, or season, has been 
this year than it was at some one which is past ; but th^ 
will prpbablv fall into the error of supposing tnat the climato 
ilself has changed, should it happen that the aummar haa ibf 
a consecutive period been hotter than usual, or the wintn 
colder. But if, instead of dealing in these generalities, tho 
measurement of the temperature be taken at fixed peiioda 
throughout the year, and the sum reduced to a mean, littlo 
difference will be found in successive years. The mean 
temperature of London is 60 4-10, and it seldom at over 
deviates much from this, even when there ia an extreme do» 
gree of heat or cold at a particular aeaaoq. In 1808, the 
summer was so hot that the thermometer atood in London 
at OSj^^, but the mean temperature of Ae year was 50^^ ; 
and notwithstandmfir the severe winter of 1813-14, when all 
the large rivers of England were frozen over, the mean tem- 
perature of the years was 60 1-10. 

For the present state of our knowledge upon the subject 
of superficial temperature, we are chiefly in<tobtcd to 9anm 
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Humboldt, who, anitmg • profound and nmwraal acipiaml- 
•nee with the |>hysical and natural sciences, with an elevated ' 
genius and ouicKDess of perception, has — aasisted by ^ 
patronage and encouraged by the honours which his soTer- 
eign and countrymen haye so readily granted — done more for 
the science of meteorology, and, we might add, every branch 
of natural history, than any other modem philosopher. But 
while we rejoice m the honour and success of this great man, 
we mourn over the neglect under which many not less gifted 
or aspiring minds aro compelled to stifle their energies, or 
support a cruel oppression. The estimate which men form 
of the talents ana capabilities -of their fellow^men is not 
founded upon their intelligence, and the honesty and sagacity 
with which they puraue their object, but upon their success. 
Publicity is a painful condition to a man of a fearful tempera- 
ment ; it is only suited to the mind that can bear wita the 
same composuro the honours that are lavished upon success, 
and the scorn, contempt, and bitter contumely, that m(N:e 
certainly foUow a failure. The sun itself may be eclipsed, 
or its radiance may be intercepted by the cloud that breeds 
a tempest, which desolates and lays low the noblest tree of 
the forestf-^bnt the eloud is soon dissipated, and the sourer 
of light, heat, and life, pours down upon the scene of its 
wonted energy the fulness of its glory, dries every leaf, and 
gives new power to the drooping vegetation ; so genitfs ia 
often shadowed by the thick though &eting atmosphere of 
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in misfortune feel again its influence and tell of its praises, 
as the birds sing when the sun shines, then it seeks not to 
destroy by the power of its ability, but to instruct and Ueas., 
A great mind is not the slave of public opinion ; it appre- 
ciates the honour or the blame as it may be deserved, and if 
fortune frowns upon exertion, and failure attends its progress, 
it waits in patience for that moment when its energies may 
be advantageously displayed, or, if necessary, bequeaths its 
attempts to posterity. It cannot, however, be denied, that 
those who attain honours in the present day haye usually a 
claim to them ; and none of those who have attempted to 
climb the steep pass that leads to fame, will be unwilling to 
•How, that of all those who have in our own day obtained tho 
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VQttnlit and the honours m the recompense of seientifie 
exertion, none have better deserved them than Baron Ham* 
bdidt. 

T^his eminent philosopher was led to inyestigate the laws 
of sorfEtce temperature in consequence of the [^enomena 
which he observed during his residence on the elevated plains 
of South America. ** Having inhabited,'* he says, " for a 
long tune, the most elevated plains of the new continent, I ' 
availed myself of the advantages which they present for ex- 
amining the temperature of the superincumbent strata of air, 
not from insulated data, the results of a few excursions to the 
crater of a volcano, but from the collection of a great num- 
ber of observations made day after day, and month after 
month, in inhabited districts. ' In Europe, and in all thd 
M world, the highest points of which the mean temperatures 
have been determined, are the convent of Peissenberf, in 
Bavaria, and the hospice of St. Gothaid. The first of these 
is placed at 3d64, and the seccmd at 6808 feet above the 
level of the sea. In America a great number of good ob» 
servations have been made at Santa Y6 de Bogota, and at 
Quito, at altitudes of 8727 and 9544 feet. The town of 
Huancavelica, containing. 10,000 inhabitants, and possessing 
all the resources of mMlem civilizaticHi, ie situated in the 
Cordilleras of the southern hemisphere, at 12,310 feet of 
absolute elevation ; and the mine of Santa Barbara, endrcled 
vrith fine edifices, and placed a league to the south of Huan- 
cavelica, is a place fit m making regular observations at the 
height of 14,509 feet, which is double that of the hospice of 
St Gtothard." 

The surface of the earth waa once considered, m relation 
to its temperature, as though divided into five portions or 
sones,—- one tonid, two frigid, and two temperate ; but theafl 
ttre now never referred to m scientific in^nies, being super'* 
seded by a more -precise arrangement. Places havmg the 
same mean temperature, have been connected by lines which 
are called isothennal, and by this arrangement all the plaoe» 
on the globe, havimr die same annual mean temperature, are 
classed together. These lines are not parallel with the eqna^ 
tor, and their direction ie by no means regular. Th^ "F*** 
included between two isothermal lines is called an iBWue^ 
mal zone ; but it must not be supposed that two places sit- 
uated upon the same line, thai is, having the sajooe mma 
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Ii»piiwitiii^ magi hmf9 nec^uwily tke simedegrw of loMt 
<nr «o!d ; U^re aty be m great difierenee in the intenaity, audi 
abo in the duration, of eeasons. Pekin, for instance, has th* 
■ame mean temperature aa Britlany» bat its aommers are moch 
hotter, and ita waitera much ooMor. 

Humboldt hae divided the noirthem hemiiphere into €iio 
•iz foUowiag zonea :«^ 

1. Tlie zone of tneantemperataxe including all places 

between 320aQd41* 

t, . «• 410attd50» 

». . •• - fiOo and «9« 

4. . " 590 and 680 

ft. . •* 680 and 77« 

6. . from . ; TTOupwaid. 

It has been long Boppooed thtt the temperatufe of the 
eeuthem hemiiphere n not equal to that ii the noltjient. 
Biifibn controverted the ophiion, but CEpimu defended it, 
•ad erery obsertttion Uiat has been made tends toptwe its 
aeeifracy. The soaaU quantity of land in the southern hem'- 
iaphete cansee a much sreater eqnaiisatiota of the setiron 
than m the nbrthem, tihm at the same time it pMduees a 
decrease of annual mean temperature. ** The diseovenea 
of Cook«" says Humboldt, <<made known the vaet extent of 
ke round the South pole, but the inequalities in the tempera^ 
tuft of the two hstauBpheres weie then ezaggenited. Le Geti- 
til, and pahiicularly Kirwan^ hare the merit of hsTii^ fir«t 
demonstrated that the ii^enoe of ^e cvcdmpolar ice es^ 
tanda mnch ieift^to the ten^Mirate wm^ than wte geueiallf 
admitted. The less distance of the sun from the winter 
eotstibe, tod hi* long eentinuancis in the northern eigne, 
aet in dn ^posile manner on the heat in the two hen^sphetM ( 
and aa the quantity of light whibh a planet leceiTeeSom th« 
son mcrete^s in propectiun to the true anomaly, dw inequal. 
ity in the tiBrnperlftture of the two hemispheres is not the ef- 
ftet of WMqudl radietion. The eouthem hemisphen recetree 
the Jame quantity of light, but the accumulation of heat in 
it is lesa, on account 6f the emission of the radiant heat 
which tfed^a plate during a long wmter. The hemlralMte 
Mng^eoinagtest meaeure covered with water, the Byram^ 
M extremities of the continents have there an iztegulit 
climate. Summen of very h>w:temperat«zn are suoeeftdtd* 
•a Imt as 50<> of spntit latitude, by vi^xten far fto»rtgMlM! 



Hid vegetable forms alto of the torrid zon«, the arboreideiii 
fbrns, and the orchideous paraaitee, adyance tdwaids 88^ 
and 42*^ of south latitude. The small quantity of land iit 
the southern hemisphere, contributes not only to equalise the 
seasons, bat also to diminish absohitely the annual temperaturo 
of that part of the slobe. The cause is, I think, much more 
active than the smsol eccentricity of the earth's orbit. Th0 
continents, during summef, radiate more heat than die seas | 
and the ascending current, which carries the air of the equi* 
Boctial and temperate zones towards the circompolar legions^ 
acts less in the southern than in the northern hemis^ere. 
*ThAt cap of ice whieh surrouiids the pole to the 71° and 66" 
of south latitttde, adranees more towards the equator when^^ 
ever it meets a free sea, that is, whenever the pyramidal 
extremities of the ?reat continents are not opposite to it* 
There is reason to believe, that this want of dry land would 
produce an effect still more sensible, if the division of the 
continents were as unequal in the equinoctial as in the teiii* 
perate zones.* 

TSHFIKITURB OF tUM SEi.. 

Upon this subject we must also refer to Humboldt, th« 
almost only authority yre have upon the (|[uestion of surface 
temperature. ** The sea," he says, ** radiates less absolute 
heat than continents ; the air resting upon it is cooled by the 
process of evaporation, and the surface is heated or cooled 
Dy the currents directed from the equator to the poles, or by 
the mixture of the superior and inferior strata on the aidet 
of banlcs. It is from these causes combined, that, between 
the tropics, and perhaps as far as 80^ of latitude, the mean 
temperatures of the air resting upon the sea, are 3° 6' or 6*9 
4' lower than that of the continental air. - Under high lati« 
tudes, and in climates where the ataaoephere is coolest in 
winter, much below the freezmg point, tne isothermal linei 
rise again towards the poles, or become eonvei when th« 
tontinents pass below the seas.'* 

With respect to the temperatuft of the ocean; We muat 
distinguish between four very different phenomena. Ist. 
*lhe temperature of the water at the surfa<;e corresponding to 
different latitudes, the ocean being eonsidered at rest, and 
destitute of shallows and currents. 3d. The decrease <d- 
heat m die superinmosed strata of water. 8d. The effMl 
^^^ LI 
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of hSSkfW on the tempenturo of the surface wtter. 4th. 
The tempentore of cuirente which impel with an acquired 
Teloeitf the waters of one sone across the immoYeable w,- 
ters of another lone. The region of water having the high- 
est teoiper«tnre no more coincides with the equator, Uuo 
the region in which the waters reach their maximum of salt- 
sess. In passing from one hemisphere to another, we find 
the wannest waters between 6° 46' of north latitude, and 6® 
16' of south latitude. Perrius found their temperature to be 
8t|0 a' ; Queredo, SS^ 6' ; Cherruca, 830 7', and Rodman, 
88° 8'. I haTe found them in the South Sea, to the east of 
the Galapagos Isles, 84° 7'. The Tariations and the mean 
results do not extend beyond 1° 3'. It is yeiy remarkable 
that in the parallel of warmest waters, the temperature of 
the snr&ce of the sea is from 3° O' to 6° A' higher than that 
of the superincumbent air. Does this difference arise from 
the motion of the cooled particles towards the bottom, or the 
absorption of light, which is not sufficiently compensated by 
the free emission of the radiant caloric 1 As we advance 
from the equator to the torrid zone, the influence of the sea- 
sons on the temperature of the surface of the sea becomes 
▼ery sensible ; but as a great mass of water follows Tory 
■lowly the chsnges in the temperature of the air, the means 
of the months do not correspond at the same epochs in the 
ocean and in the air. Besides, the extent of the variations 
is less in the water than in the atmosphere, because the in- 
crease or decrease in the heat of the sea takes place in a 
medium of variable temperature, so that the mimmum and 
maximnm of the heat which the water reaches are modified 
by the atmosi^rical temperature of the months which follow 
the coldest of the wannest months of the year. It is fioia 
an analogous cause, that in springs which have a variable 
temperature, for example, near Upsal, the extent of the varia- 
tions of temperature is only 19° 8', while the extent of the 
variation in air from the month of January to August, is 39° 6'. 
In the parallel of the Canary Islaqds, Baron Von Buch found 
the minimum of the temperature of the water to be 68°, and 
the maximum 74° 8'. The temperature of the air in the 
warmest of the coldest months, is, in that quarter, from 64® 
4 to 76° 2'. In advancing towards the north, we find 9ti}l 
greater differences of winter temperature between the sur- 
fiwe of the ica and the superincumbent air. The cooled 
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ptitielM of w«t6r defcend tfll their tempentiiTO retehet 39^ 
V, Tlie excess in the mesn ten^ntare of the wmter o?er 
that of the sir attauis its mazimum beyond the polar circle, 
where the tea does not wholly freeze. 

CLIMATE. 

Althon^^ a number of places may haye the same aannal 
mesa tempetatnre, yet they have not necessarily the same 
climate. There are certain primaiy constituents of climate 
which influence every part of the earth's sur&ee, but these 
are often so modified as to produce effects altogether differ- 
ent from those vHiicl^ might be anticipated. Temperature is 
in every case the most important constituent of climate, and 
this results from the form and celestial relations of the earth, 
such as its ^^obular figure, the obliquity of its motion in an 
elliptical oifoit, in reg^ird to the plane of its equator, aftd its 
diurnal motion upon its axis. All these have a primary in- 
fluence upon the production of climate ; but no acquaintance, 
however accurate, with the circumstances resulting from 
these, could ever enable the philosopher to calculate the 
character of the climate at any place. There are many ac- 
cidental causes which modify their results, and these are 
called the secondary constituents of climate. Such are the 
position of the place, its distance from the sea, its proximity 
to mountains, its elevation above the level of the ocean, the 
nature of its soil, the cultivation of the lands in its vicinity, 
and the direction of the winds to which it is exposed. These, 
and many other local phenomena, may so aroct the results 
which would be otherwise produced by solar heat, as to pre- 
vent any hope of ascertammg a climate without experiment. 

The distribution of animals and vegetables is governed by 
climate. The lines which mark the boundaries of temper- 
ature and peculiarities of season, are also the limits of spe- 
cies or genera. It is on this account that different countries 
contain animals and vegetables different from those which 
are found in neighbouring districts. This is especially matk- 
ed in relation to vegetables. The plants of tne tropics are 
rich, luxuriant, and various ; interaunable forests are every- 
where presented to the eye of the traveller, bound closely 
together by the wide and gi^tic arms of towering dirubs. 
In the arctic regions, the circle of vegetation is small and 
feeble : but the modest floweret that raises its head above 
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th» aorthwn mow to b to wom on dio waato^ has a 



tioB aqoally^ adapted to tlio cirenmrtancaa in which it in 
plaead* aa the AiU-leaTed btanehiog treaa and abniba oC the 
aaoatorial tagion. Bat tha mat piincqila of adaptation 
iHiich 80 rwnarifahiy diatiiwiiiaEea all tha woriu oi tha Cre- 
ator» may be tmced much finher than this. If all vegetable 
padoetiona had bean aoitod to one and the aame tenperm- 
tnie, bat one tone of the earth's soifree coold have been 
ooverad with ▼ayafarien, and only that ono would have been 
aoited to maintain animal life» which is oonunonlj snpported 
by the pvodnctiona of earth. Ereiy sone, however* haa its 
own vegetation, and thn ia invariabfy anited to acqpply thn 
wanta of thoae aaimala which aie ita inhahitanta. 



If it be trae that animals and vegetables are iwnfinod to 
certain localitiea diatingniahed by temperatoie, any great 
ohai^ of climate ahoold be followed b^ a change in the ani- 
aal and vegetable prodocta. Now it is aappoaed by geolo- 
giats, that aomo such ehanjge aa this haa happened at aevoial 
parioda in tha physical hutoir of the eaith. The oiganao 
mnaina ibnnd m the rocks of northern coontiiea, am aop» 
poaad to belong to a tempeimtnre mach hi^er than that by 
which they are distingaished at the pieaent moment Thaa, 
in oor own climate, we 6nd the remaina of animala analogooa 
to thoae which ovist in tropical climes, and of planta wbitk 
can only be nortuted in the hottest portions en the earth; 
each are thoae belonoing to the coal meaaaiea. Now, it haa 
been dedoced from &eM facts, that the climate of the plaeea 
in which they are imbedded moat have changed, soppoaing 
that these prodncts lived on the wpoU where their lemaina 
are now entombed. There are aome writert, however, who 
object to tbia assumption, and imagine that they have been 
tkiated from a distant clime, and deny that the temperataie 
of the earth haa changed. Withont entering upon tnis mat- 
ter of diapate, to which reference has been urMdy made, wa 
may be permitted to state that too much dependence ia aomo- 
times placed upon the exiatence of organic remains in rocka. 
It ia generaUy ateted, that the fossils found in anj bed give 
evidence aa to the nature of the Mii fpa^f then ezistinff upon 
the aoiftee, and oooaequently tha tempentuxe of tho j^e al 
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the time. In a limited sense it may be trae, but this eri- 
dence must be always received with caution, for it ma^ mis- 
lead, in consequence of the circumstances that ioteilere with 
the results. Let ns take one example. Beposites are now 
forming in the beds of rivers and oceans ; but can it be for a 
moment supposed, that when they are exposed to the exam* 
ination of geologists at some future age, the fossils will ena- 
ble him to ascertain the temperature of the place at the timo 
of deposition ? Certainly not. Rivers bring down in their 
courses not onl^ the detritus of older rocks, but also their 
fossils, and annual and vegetable remains from various 
climes ; all these are mingled together in the bed that is 
forming, and will at some mture time be its fossils, and ge- 
ologists may find in them the products of many climes and 
many ages. We do not, however, deny the value of organic 
remains, as affording a means of ascertaining some facts in 
relation to the past history of the earth ; but we may some- 
times misapply their evidence, or imagme them to give more 
information than they are calculated to afford. 

CONCLUSION. 

If the explanation that has been given of the phenomena 
which are observed on the surface of the earth should in any 
degree accomplish the intention of the author, it will induce 
the reader to acquaint himself with the physical sciences. It 
must not, however, be supposed, that a luiowledge of philp- 
sophical facts is all that we wish to inculcate. Knowledge, 
of whatever kind it may be, is only valuable as it adds to ttxe 
enjoyments of Ufe, increases the hapi»nes8 of society, and 
gives new energy to the intellectual .character of man. There 
would be as much wisdom in learning a language for the sake 
of knowing by what articulate sounds a community of men 
express to each other the ideas they individually entertain, as 
in acquiring the sciences for the purpose of knowing what 
has been ascertained. If wisdom consists in the knowledge 
of ourselves and our Maker, we must study nature with the 
hope of ascertaining some principles which shall enable us to 
sather fresh conceptions of these important elements of 
knowledge. God has, in not illegible characters, written his 
tttvibntes on his works ; and he has at the same time tao^t 
maa his deneodance upon his power^ his wisdom, and good- 
L13 
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But tt the nnM time w« cannot withhold the •tete* 
ment^ that howerer closely we may atody the worki of cro- 
atioD, we can noTer know what relation men bear to their 
Creator, or feel an entire confidence in the proviaions he haa 
made for their happineaa, until we combine a knowledge of 
the ordinancee that goyem tenettrial heinn, with tM in- 
liaitaly greater moral piinciples he haa roTeaM. 
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